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INTRODUCTION 


One of the investigations in progress in the fruit and vegetable 
utilization laboratory of the Office of Horticulture has had as its 
object the devising of better methods for making unfermented apple 
and grape juices for use as beverages. Very early in the work it was 
realized that one of the serious difficulties to be overcome in making 
acceptable beverage apple juices arises from the deficiency in astringent 
substances characteristic of nearly all dessert and of most of the 
culinary apples. In order to meet with popular approval, a beverage 
juice must possess a rather definite relationship or balance between 
the amounts of sugar, acid, and astringent substances it contains, 
since judgments of taste or palatability of a liquid are based upon the 
perception by the nerves of taste of its sweetness, acidity, and astrin- 
gency. Very few of the American dessert apples and comparatively 
few of those grown for culinary uses have sufficient quantities of 
astringent substances, when the condition of cider ripeness has been 
attained, to make their juices acceptable. As a whole their juices are 
insipid or acid-sweet, not because of excessive sugar content, but 
because of deficiency of tannin and in many cases of acid also. In 
order to make acceptable beverages, such juices must be given the 
requisite balance between constituents by blending with other juices 
having larger astringent content. It is relatively easy to find fruit 
of sufficiently high acidity for use in correcting any deficiency in that 
respect, but fruits capable of supplying added astringency must be 
sought outside the range of the varieties generally cultivated in the 
United States. 

The French cider makers have long recognized the necessity for the 
blending of juices in order to make balanced and palatable fermented 
ciders, and the French pomological literature classifies the varieties 
employed for cider making into groups based on their outstanding 
characters, as ‘“‘douce,”’ ‘‘acide,” ‘“‘amére,” ‘‘douce-amére,” and the 
like. Among American workers, Alwood (/, 2)? and Price and Ellett 
(7) have recognized that apples of such special types are a prereq- 
uisite to the making of fermented apple beverages of a type and quality 
comparable with the French products. That such material is equally 


1 Received for publication July 28, 1926; issued May, 1928. This paper is the fifth in a series of studies 
on fruit juices. 


2 Reference is made by number (italic) to ‘Literature cited,” p. 406. 
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indispensable to the making of unfermented beverage juices of the 
highest quality does not seem to have been recognized. 

In the course of the analytical work upon apples carried on during 
the last seven years, an attempt has been made to obtain as much 
information as possible in regard to apples of high astringent content, 
and a considerable number of apples of this character have been 
analyzed at various times as material and opportunity offered. The 
analyses include a number of French cider apples (‘‘French crabs’’), 
for some of which it is believed no analyses of material grown in 
America can be found in the literature, together with a number of 
crab apples and highly astringent apples of various origins. 


MATERIAL AND METHODS 


The fruit employed in the analyses was grown in the apple variety 
collection of the Office of Horticulture, Bureau of Plant Industry, at 
the Arlington Experiment Farm, Rosslyn, Va., near Washington, 
D.C. The varietal identifications have been verified by tracing the 
scions to their sources in all doubtful cases and by repeated checking 
of the fruit with varietal descriptions. The French cider apples are 
fairly well represented in the Arlington orchard, many of the trees 
having been grown directly or indirectly from scions brought from 
France by Alwood (1). 

In order to obtain some indication of the degree of modification 
in character of these apples occurring when grown in widely differ- 
ing environments, samples of fruit were obtained in 1923 from the 
collection growing at Blacksburg, Va., on the grounds of the Virginia 
Agricultural Experiment Station, from Alwood’s original stocks, for 
comparison with fruit grown at the Arlington farm. Through the 
kindness of H. L. Price and other members of the staff of the Virginia 
station, the entire crop of the varieties in fruit in 1923 was harvested 
and shipped to Washington. The trees had been in sod for some 
years, the grass being cut for hay or pastured. They were top- 
worked upon standard varieties in 1900, the grafts consequently 
being 23 years old at the time of sampling. Descriptions of trees 
and fruits and analyses of the whole fruits as grown at Blacksburg 
were published in 1909 by Price and Ellett (7) at the time the trees 
were 8 years old. Their analyses, with a single analysis of Moulin- 
a-Vent by Alwood, Davidson, and Moncure (2), made upon the 
first crop borne by the Blacksburg trees, would appear to be the 
only analyses of American-grown French apples in the literature. 

The general method of handling the material employed in the 
analyses of the fruit grown at the Arlington farm and the cultural 
treatment of that orchard have been fully described elsewhere (4). 
The fruit was picked at the stage of picking ripeness and held in a 
cool basement room until it had reached proper condition for press- 
ing. The samples were tree run, the quantities ranging from 2 to 
10 bushels, and the only sorting done was confined to the discarding 
of partially decayed fruits when such were present. In the case of 
the material of Bramtot, Launette, and Rouge du Landel, grown at 
Blacksburg, the fruit was ready for pressing when picked. Ship- 
ment by freight to Washington required five or six days, during which 
the temperature in the car ranged rather high, and the fruit conse- 
quently showed considerable decay and was slightly past prime 
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condition for pressing when received at Washington. It was there- 
fore pressed immediately. With these exceptions, the fruit was all 
in prime cider-ripe condition when the pressing was done. Care 
was employed to obtain uniform pressing of the samples, and the 
analyses were begun immediately. The bulk of the juice obtained 
was preserved by pasteurization, and a repetition of the analyses after 
pasteurization has incidentally served as verification of the determina- 
tions of total sugar and titratable acidity made upon the fresh juices. 

It was necessary to determine for the present purpose what is 
meant by an astringent apple. In the analyses made in this labora- 
tory, the extremes of total astringency encountered have been 7.4 
and 955 mgm. per 100 c. c. It is necessary to draw a line some- 
where across this range and to consider everything above it as in 
the astringent class. This must be done arbitrarily. As culinary 
varieties rarely equal or exceed 125 mgm. of total astringents per 
100 c. c. in juice when expressed at the cider-ripe stage, it is probably 
fair to fix the arbitrary limit at that figure. The present paper 
consequently includes not only analyses of French, Siberian, and 
other crabs, but also of all apples of whatever origin which have 
been found to have a total astringency consistently equaling or 
exceeding 125 mgm. per 100 c. c. For the sake of completeness a 
number of analyses previously published in communications from 
this laboratory have been included in the tables. 

It should be clearly understood that the fact two juices have 
identical amounts of total astringent materials does not necessarily 
imply that they are equally astringent to taste, even though their 
acid and sugar content should also be identical. Total astringency 
is made up of the two components, tannins and astringent non- 
tannins. Nothing is known as to the relative effects of equal amounts 
of true tannin and of astringent nontannin upon the nerves of taste, 
and it is possible, indeed certain, that quite different effects upon 
the nerves of taste are produced by two juices having the same total 
astringency but differing in the amounts of tannin and nontannin. 
Moreover, the term “astringent nontannins” is a collective one, 
applied to all substances which reduce KMnOQ, but are not precipi- 
tated by gelatin. The nature of these substances is largely unknown, 
but it is certain that they are of varied character and that they 
differ markedly in their effect upon the nerves of taste. The bitter- 
sweet group of apples, for example, contain varying amounts of a 
bitter constituent, probably glucosidal in nature, which is not en- 
countered in apples of other types. The nature as well as the rela- 
tive amounts of the astringent substances consequently vary from 
variety to variety, and as a result a determination of the total amount 
does not give an accurate measure of the astringency of the juice 
as measured by the sense of taste. 

Determinations of total astringency are therefore like determina- 
tions of total sugars in which varying and unknown amounts of 
sucrose, dextrose, levulose, and pentoses are present. Such determi- 
nations tell nothing as to the relative sweetness of the mixtures as 
determined by the sense of taste. In the case of sugars a very accu- 
rate idea of the sweetness of a mixture is attainable by determining 
the amounts of the individual components, but so little is known 
of the astringent substances of fruits that a similar treatment can 
not as yet be applied to them. 







































394 Journal of Agricultural Research Vol. 36, No.5 





SEASONAL CONDITIONS IN RELATION TO ANALYTICAL RESULTS 


The analyses presented herewith were made in the years 1920 to 
1925, inclusive. In a considerable number of cases several analyses 
were made upon a given variety, either in consecutive years or at 
intervals throughout the period occupied by the work; in other cases 
only a single analysis was made. In other investigations which were 
proceeding concurrently with the present work (4, 5), a detailed 
study of the climatological conditions of the years 1920 to 1925, 
inclusive, was made with respect to the effects of the seasonal condi- 
tions upon the composition of the fruit of somewhat more than 200 
varieties of apples. As a result of this investigation it was found 
that the seasonal conditions of the growing period determine the 
composition of the crop of the year, all the varieties employed behav- 
ing in very high degree as a unit. In consequence, the six years 
covered by the study can be ranked in order with respect to the sugar 
content of the fruit produced. Acid and astringency content of the 
fruit is correlated with sugar content in a very definite manner, 
the correlations being consistently maintained throughout the 
period of the work. 

From the results of these investigations it appears that of the 
six years, 1923 was that characterized in a large majority of varieties 
by the maximum sugar content, maximum sucrose content, next to 
maximum acid content, and minimum astringency content found 
in the fruit during the six-year period. The year 1921 stood next 
to 1923 in point of sugar content of the crop, 1925 third, 1922 fourth, 
1920 fifth, and 1924 sixth and lowest. With the minimum sugar 
content found in 1924 there was associated minimum or next to 
minimum sucrose and acidity content and maximum astringency. 
As these results with respect to composition of the fruit of a large 
group of varieties have been shown to be definitely related to the 
seasonal conditions of the various years, and as much of the fruit 
employed in the present work was grown in the Arlington orchard, 
subject to the same conditions, it may be assumed that these analyses 
reflect seasonal conditions in the same manner and to the same 
degree as do those presented in the climatological study. Hence 
analyses made in 1923 or 1921 represent the composition of the crop 
as grown under exceptionally favorable seasonal conditions for 
accumulation of high sugar content and attainment of high quality 
for the variety, those made in 1924 or 1920 represent the opposite 
extreme of highly unfavorable conditions for storage of sugar, and 
those made in 1922 or 1925 an intermediate condition. An isolated 
analysis in any particular year should be evaluated in the light of 
these statements, which are based upon evidence presented in detail 
in the papers to which reference has previously been made (4, 4). 


FRENCH CIDER APPLES 


Analytical data upon 21 varieties of French cider apples are 
presented in Table 1. In the case cf 5 varieties material grown at 
both Blacksburg and the Arlington farm was used; in the others 
fruit from only one location was employed. The material grown at 
Blacksburg was analyzed in 1923 only, while some of the varieties 
grown at the Arlington farm were analyzed in two, three, or four 
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years. Reports of analyses of the whole fruit of some of these 
varieties have been made by Price and Ellett (7). Analyses of 
material grown in France have been compiled by Power 6), by 
Truelle (8), and by Warcollier (9). For purposes of Py 
some of the results given by these authors are reproduced in Table 2 
For the sake of completeness, data have been included for a few varie- 
ties analyzed by the French workers and by Price and Ellett which 
were not available for the present work. 


TABLE 2.—Summary of analyses of juices and fruit of French-grown French cider 
apples and of French cider apples grown at Blacksburg, Va., and at the Arlington 
Experiment Farm, Rosslyn, Va. 


Variety and product ¢ Total sugar — - an Solids 

Amére du Surville: Per cent Per cent Per cent Per cent 
Juice (French) -................----.------------ 14. 19-15. 21 | 0. 158-0. 250 |0. 300-0. 807 a 
SESE as meee 9.92-12.88 | .148- .210 | .338- .740 | 13. 91-15. 87 
Juice (Blacksburg) et RAS SEE EN a ee 10. 59 . 231 . 805 13. 21 
Whole fruit (French) --..-....-- shahedtiaakciain 12. 20 . 350 . 0760 20. 2 


Whole fruit (Blacksburg) - - 
Bedan des Parts: 
Juice (French) - 


weececececcceeesnes--| 04-120 | .466- .778 | .570- . 700 19, 92-23. 65 
en eet 14. 02-16.32 | .191- .240 | .152- .310 


Juice (Blacksburg) -. a SIN ts Pa eS 10. 51 . 146 - 407 11. 40 

BO Ee eae 12. 61 . 360 . 170 21. 60 

Where fait (Biagksburg)..............-....-.-- 11. 68 . 601 . 360 21. 58 
Binet Blanc: 

eee eich deh dca abvia 17. 14 . 220 A SSeS g 

Whole fruit (French) -__.--- Le 16. 48 . 380 -150 | 19. 70 

Whole fruit (Blacksburg) - - - - - ss a iemirglapainicenis 12. 38 | . 396 .130 | 19. 78 
Binet Rouge: | 

Juice (French) --.....-.-- iad nnecee--e---| 15.30-17.0€0 | .125- .24 .191- . 270 Speen 

Whole fruit (French) --..---- POTOSI 11. 93 . 25 . 160 20. 5 

Whole fruit (Blacksburg) - - - ---- lS: 14. 12 | . 546 . 240 27. 80 
Bonne de Freuilles: 

Juice (Arlington) _.._- SWE a m 11. 34 . 330 . 328 13. 83 

Whole fruit (Blacksburg) -- ate, SEIN eae 14. 52 . 560 . 510 21. 65 
Bramtot: 

Ee ee a 16. 00-16. 95 - 215— .326 | .287— .523  j......- aia 

Juice (Blacksburg) -.-.-- s sadiibaiiak nattambeneninegecssasa 11.01 . 343 . 610 12. 93 

Juice (Arlington) _. SS: ..------| 15. 63-15. 94 . 187- .316 | .338- .460 17. 82 

Whole fruit (Blacksburg) _ SESE EES REE 14. 52 . 560 . 510 21. 65 
Julian de Paulmier: 

EE ee ae ee ee ee 16. 90 . 190 2. —EEEEE 

TTI ee 11. 72-12. 90 . 182— .350 | .326- .610 15. 09-15. 61 

Whole fruit (French) - ehnae leh nickaen alienate 11. 86 | . 330 . 160 22.00 

Whole fruit (Blacksburg) a ea Ea. 16. 54 | - 218 . 380 26. 34 
Launette Grosse: | 

I a crates lenin ati 16. 07-16.80 | .196— .230 | .517- .650 |......------ 

Juice (Arlington) -. r LISS ee 15. 16 . 229 . 686 17. 88 

Whole fruit (French) _- See ET Rl 14. 52 . 270 . 550 f 


" 21. 
Whole fruit (Blacksburg) - - ae ..-- 10. 10-10. 70 -415- . 57 . 230- . 480 19. 80-20 
Maréchal: 
EE Ce eae ae 16. 80 . 260 eee 
Whole fruit (French) ...__.- neonate , 13. 50 . 330 . 500 22. 2 
Whole fruit (Blacksburg) 12. 85 . 410 . 500 22.4 
Michelin: 


Juice (French) --..._.-- acai siemaricteaceliahciclal " h . 168- . 180 | .210- . 430 









Whole fruit (French)-. . 32 . 220 19. 30 

Whole fruit (Blacksburg . 725 . 290 23. 92 
Montlige Blanc: 

SELL LOOT LT ORL ART | 15. 87 . 200 HU Noccewtewin. 

Whole fruit (French)................- 11. 60 | . 290 . 210 19. 80 

Whole fruit (Blacksburg) ¢ 6.43 . 164 -160 | 17.17 





Moulin-a-Vent: 
ted eh iindimeenenincebnnee Saneenie . 57-18. .198- .290 | .350- . 365 
ll 








Juice (Blacksburg) ¢.__ : ‘ . 210 . 183 15.77 
Juice (Arlington) ...._- EE FO A SI 9. - 163 . 405 11.41 
Whole fruit (French) _ 12. - 60 ©, 040 21.10 
Whole fruit (Blacksburg) -.-............-...-. ue. 11. 27 | . 410 - 410 20. 65 


« Analyses of juices or whole fruits designated as ‘‘French”’ are quoted from Power (6), Truelle (8), or 
Warcollier (9), and are usually averages of 3 to 10 analyses. When two values are presented, they are 
extremes given by two or more of these authorities. Analyses of juices designated as ‘‘ Arlington”’ or 
‘*Blacksburg” were made by the writer upon fruit grown at the location indicated. Analyses of whole 
fruit designated as ‘‘ Blacksburg” were made by Price and Ellett (7). 

> The values for acidity have been recalculated where necessary and are expressed as malic. 

¢ Analysis of fruit and juice at Blacksburg by Alwood, Davidson, and Moncure (2). 
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TABLE 2.—Summary of analyses of juices and fruit of French-grown French cider 
apples and of French cider apples grown at Blacksburg, Va., and at the Arlington 


Experiment Farm, Rosslyn, Va.—Continued 





Variety and product Total sugar — atin Solids 

Omont: Per cent Per cent Per cent Per cent 

Ee aaa ee ae 14. 20 0. 33 ft arenes 

Juice (Arlington)...........- abies ecekcipahacta gio eae 10. 37-15. 62 0.164- .256 (0. 268- . 640 21. 13 

.)UkUl Do DD | See 12. 34 Ss . 200 20. 6 

Whole fruit (Blacksburg) ----................... 13. 60 . 232 . 210 22. 26 
Passe Reine: 

ee i ce ncing to ebntimaiiois 9. 47 . 988 . 2984 11. 20 

Whole fruit (Blacksburg) -.--.............-...-- 13. 02 . 464 . 760 22. 55 
Petite Douce Rousse: 

I iniinsinintauadbnwedstebecninenndiandels 5. 56 . 270 EEE 

OS EERIE MATOS . 5 . 202 411 14. 36 

Le. LD eee 2 . 410 - 140 21.00 

Whole fruit (Blacksburg) ; . 505 .470 4 29. 80 
Reine des Pommes: 

Fy SI liiicccamenditemamins Oe eer oe . . 184- .430 | . 268- .510 |..........-. 

pO EEA LIES 11. 3: . 189 a 

a . . 329 

Whole fruit (French) _.-- 2. 96 . 570 

Whole fruit (Blacksburg) -428- . 847 


Rouge du Landel: 


I CR nn cnceccssecnescs z .12-15.07 | .242- .230| .: 





IEEE IEEE ° . 355 | 
OS REE TENET RECLINE . 49 -171- . 206 | . 28 
CL EE ASS 24 31 | 
— NN EE EEE aes 8. 09 . 53 

St. Laurent: 
ES ee ee eee ee 15. 50-15.90  .121- .340 
Whole fruit (French)_.............____- ETE 13. 88 21 


Whole fruit (Blacksburg) ............. én 16. 04 .314 





4 So in original; probably a typographical error. 


The data thus assembled afford material for formulating an answer 
to the most important question with respect to the French cider 
apples, namely, whether the transfer from France to America has 
resulted in such fundamental changes in composition as to destroy 
their distinctive character as a group. This question may be defi- 
nitely answered in the negative. As compared with the analyses of 
the same variety grown in France, the analyses of the fruit grown at 
Blacksburg or at Arlington show no large or consistent differences. 
The values for total sugar given by the French workers for juices are 
in practically every case somewhat higher than those found in the 
American work. The practically universal use of the saccharimeter 
instead of chemical determinations in the French studies of juices 
undoubtedly is responsible for the high values shown. It has repeat- 
edly been demonstrated that the use of a saccharimeter with juices 
having a high content of nonsugar solids gives values materially 
in excess of those found by chemical determinations (3). That this 
is the real explanation of the high sugar content of French juices is 
made conclusive by the fact that the French determinations of sugar 
in the whole fruit, which must be made by chemical methods, agree 
quite well with the data on American-grown whole fruit. The dis- 
agreement between the French data on sugar in the whole fruit and 
in the juice of the variety is conclusive evidence that the juice figures 
are in excess of the true values. 

In acid content the determinations upon French and American 
material, and particularly upon juices, show in general very close 
agreement. In tannin content the differences between the two 
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materials are greater, the American samples showing amounts some- 
times larger, sometimes smaller than French fruit of the same 
variety, so that the differences do not indicate change in a definite 
direction. The differences between the samples grown at Arlington 
and at Blacksburg are in some cases greater than those between 
either and the samples grown in France. 

Warcollier (9) and Truelle (8) collected data upon maximum, mini- 
mum, and mean composition of a number of French cider apples, 
based upon considerable numbers of analyses from various sources 
and from various regions of France. These show very wide ranges 
in amount of all constituents, as will be noted by reference to the 
examples reproduced from Warcollier in Table 3. There is a range of 
100 per cent in sugar content in these analyses and of several times 
this amount in acid and tannin when the numbers of analyses are 
such as to suggest that the various soils and. climatic conditions of 
France are adequately represented. The differences in composition 
of American-grown fruit from the French material analyzed by 
Power, Truelle, and Warcollier, as shown in Table 2, lie well within 
the extremes found in material from various parts of France. 


TABLE 3.—Mazimum, minimum, and mean composition of juices of standard 
sorts of French cider apples 


[From Warcollier (9, p. 393)] 


Number 





Variety | — Item ben Acid Tannin 
Per cent | Per cent | Per cent 
Maximum an 24. 31 0. 730 0. 699 
een ne Ce eee we 21 |; Minimum. .---._-- 12. 63 ° . 096 
|(Mean._......----- 16.51 276 244 
Maximum. -._...- 26. 35 . 960 1.055 
sara cca incites tomcicinticrheinted meaimnenatiasel 58 {Minima catia dace 9.41 . 085 . 133 
Mean....-- aed 19. 05 . 219 . 529 
| (Maximum. ude 14. 92 . 370 . 300 
REI Sterlite cestbaetamnsiiidinanieclanbdabicmiubiitten 3 |{ Minimum. cea 12.90 . 310 . 245 
||Mean.........--- 14. 19 330 ‘266 
|(Maximum. --____- 21. 94 . 397 . 825 
ee ‘aah 75 {Minimum WEECSES: 10. 68 -015 . 008 


CO ——————— 14. 89 - 140 - 196 


It may therefore be taken as rather definitely established that the 
French cider fruits, grown in Virginia at an elevation of 2,170 feet, 
as at Blacksburg, or only a few feet above sea level, as at Arlington, 
retain their distinctive characters without modification in any definite 
direction. All the apples here dealt with, with the exception of 
Passe Reine and Saint Hilaire, belong to the group called by the 
French ‘‘douce-amére’’ and by the English “‘bitter-sweet.”” They 
are characterized by a very high content of astringent materials and 
by an acidity lower than that of most of the American dessert varie- 
ties. The sugar content is not markedly higher than that of the better 
American dessert fruits, but is made te appear so to taste by the low 
acidity, while the high astringency and the persistent bitter aftertaste 
give them a very distinctive character. 

It is believed that the combination of low acidity, high astringency, 
and medium to high sugar content found in these apples renders them 
potentially valuable material for blending with fruits of the dessert 
and culinary types in the making of unfermented juices and possibly 
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of other products. As is evident from their chemical composition, 
nearly all of the American cultivated apples are too low in astringency 
to furnish a juice of proper balance in its acid-astringency-sugar 
ratio. Winesap and Northern Spy are varieties which make accept- 
able beverage juices, primarily for the reason that their astringency 
at the proper pressing season is much higher than that of other 
commercial sorts. But it is not sufficiently high to permit extensive 
mixture of other sorts with them in cider making without upsetting 
the balance of the product in the direction of insipidity. 

For use in blending with the usual types of apples for juice making, 
an ideal fruit would be one which could be added without disturbing 
the general level of sugar or acid content while bringing astringency 
up to the desired point. 

The French cider apples thus far examined appear to be almost 
ideal material for meeting these requirements, in so far as the chemi- 
cal characters of the fruit are concerned. It would seem a justifiable 
proceeding to give somewhat greater attention to these varieties to 
the end that their adaptability to varied conditions, relative sus- 
ceptibility to the more important American diseases and pests, 
productiveness, and other pertinent horticultural data might be 
known. Data on the behavior of these apples such as Price and 
Ellett have given for the Blacksburg collection should be procured in 
other fruit-growing districts, since it would appear that some of these 
apples may have a definite place in American fruit growing. 





SIBERIAN AND NATIVE CRABS AND OTHER ASTRINGENT APPLES 


Table 4 presents analyses of 61 varieties of apples of widely varying 
origin and character, alike only in that they have a total content 
of astringent constituents equaling or exceeding 125 milligrams per 
100 cubic centimeters. These may be roughly divided into groups 
on the basis of likeness with respect to other characters. 
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ASTRINGENT FRUITS OF LOW ACID CONTENT 


A relatively small group of varieties are comparable with the French 
cider-apple varieties previously discussed in that they are fairly high 
in sugar content while low in acidity, 0.5 per cent or less. In total 
astringency they as a class fall somewhat below most of the French 
cider group. Some of them have amounts exceeding those found 
in such French apples as Fréquin Lajoie, Fréquin Rouge, Précoce de 
Tunis, Rossignol, and Rouge du Landel, while others only slightly 
exceed 125 mgm. per 100 c.c. Examples of this class are Algérienne, 
Golden Sweet, Hog Island, Kentucky Sweet, Muster, Nain de Mahon, 
New England Pigeon, Ramsdell Sweet, Red Sweet, Trumbull, Winter 
Paradise, and Worcester Pearmain. By reason of their generally low 
acidity, they may be employed in combination with other apples of 
ordinary cultivated types for the same purpose as the French group, 
namely, the addition of astringency without material modification 
of sugar content, or for the addition of astringency together with 
the reduction of acid content. The fact that a few of them—for 
example, Golden Sweet and Ramsdell Sweet—are old varieties which 
have fairly wide distribution in home orchards and which are carried 
by nurserymen, may make them more easily obtainable than are the 
French apples of like acid-astringency-sugar ratios. 


ASTRINGENT FRUITS OF MEDIUM ACID CONTENT 


A second group of the apples for which analyses are presented in 
Table 4 is made up of fruits whose juices have an acid content ranging 
from 0.5 to 0.75 per cent. This group includes Augustine, Arctic, 
Early Strawberry, Florence, Hyslop, Lyman, Soulard Crab, Whitney, 
Wild Red, and a number of others. It will be noted that a considerable 
number of the older and more widely known and cultivated crab 
apples are included in this list. The range of acidity in the group 
is somewhat above the general average of the juices of commercial 
varieties. Their function will be that of increasing both acidity 
and astringency of juices to which they are added. Some of the 
group, as Florence, Hyslop, Lyman, and Soulard Crab, have astrin- 
gent contents comparable with those of the first group or with the 
French cider fruits, but most of the group are considerably below 
these in tannin content. 


HIGHLY ACID ASTRINGENT APPLES 


A third group consists of apples which combine an acidity of 0.8 per 
cent or more with a considerable degree of astringency. Canada 
Reinette, Entz, Hogg, Jumbo, Martha, and Red Astrachan are 
typical of this group. Red Siberian and Yellow Siberian, while 
falling below the limit of 0.8 per cent acidity in one year (1924) are 
in normal years to be ranked with this group. In astringent content 
they present a rather wide range, Red Siberian, Yellow Siberian, and 
Entz having amounts comparable with the French apples, while 
Canada Reinette only slightly exceeds 125 mgm. per 100 c. c. In 
consequence the group contains material which can be employed to 
produce any desired degree of astringency and acidity in bulk material 
of subacid or sweet character. As several of the varieties of the group 
are old widely distributed apples which are grown both in home 
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orchards and in a limited commercial way, some one or another 
should prove to be adapted to cultivation in almost any of the 
important apple-producing districts. 

Analytical data upon the juices of the wild Southern Crab, Pyrus 
angustifolia, have been included in the table for the purpose of calling 
attention to the very unusual character of the fruit of this species. 
Repeated analyses of the fruit of two trees on the Arlington farm 
grounds, continued over a series of years and checked by analyses 
on the fruit of the parent tree, are consistent in showing a remarkably 
low sugar content, an amount of astringent substances equaling or 
exceeding that of any of the French apples, and a titratable acidity 
approximating 2.5 per cent. The astringent material is somewhat 
suggestive of that of the French bitter-sweet group, having the 
bitterness characteristic of Amére du Surville and Julian de Paul- 
mier. In amount of titratable acidity it very greatly exceeds any 
other apple thus far analyzed in this laboratory, having approxi- 
mately twice the amount found in the most highly acid named varie- 
ties such as Entz, Hogg, Red Siberian, and Yellow Siberian. The 
fruit is of course quite inedible, but is occasionally gathered and used 
by housewives, small amounts being added to cultivated apples in 
making preserves or apple butter. The fruit keeps almost indefinitely 
in common storage and can be found under the fallen leaves late in 
March or April in perfectly sound condition and with acidity and 
astringency well preserved. Experiments with this apple have 
shown that its juice, added in very small quantities to such insipidly 
sweet juices as those of Delicious and other varieties lacking in both 
acid and tannin, greatly improves their palatability. In mixtures 
in which the quantity added does not exceed 3 to 5 per cent the 
bitterness which is so pronounced in the undiluted crab juice is 
subdued and becomes very agreeable, thus suggesting the effect of 
the bitter-sweet French apple juices. 


SUMMARY 


Attention has been called to the difficulties encountered in the 
manufacture of certain products from apples as a consequence of 
the prevailingly subacid and nonastringent character of the com- 
mercially popular varieties and of most of those widely grown in 
home orchards. 

The necessity for giving more attention to varieties of highly 
acid and astringent character for blending with cultivated sorts in 
order to produce properly balanced products has been pointed out. 
As a contribution toward the information necessary as a guide in 
such work, analytical data have been presented upon 21 French 
cider-apple varieties grown at Blacksburg, Va., and at the Arlington 
Experiment Farm, Rosslyn, Va., and upon 61 astringent apple 
varieties of various origins grown at Arlington. That the various 
French cider apples undergo no very large or constant modification 
in their chemical character when grown either in the Virginia high- 
lands at an elevation of 2,170 feet or a few feet above sea level at the 
Arlington farm is clear from comparisons of the analyses with the 
data from analyses made by French workers. 

The 61 varieties of American, Siberian, and other apples which 
have been subjected to study may be grouped into three classes on 
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the basis of their titratable acidity as fruits of low, medium, and high 
acidity. These three groups will have somewhat different possi- 
bilities of usefulness. Each group contains varieties presenting a 
fairly wide range in content of astringent substances, as indicated by 
the range in acid-astringency-sugar ratios in each group. The 
varieties studied include most of the widely cultivated crab apples, 
together with others less widely known or confined to varietal col- 
lections. Taken collectively, the material discussed presents such a 
range of chemical character that it is possible to make selections 
adapted to meet almost any conceivable requirement of the manu- 
facturer of apple products. 
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CHEMICAL COMPOSITION OF THE JUICES OF SOME 
AMERICAN APPLES! 


By Josern S. CALDWELL 


Physiologist, Office of Horticulture, Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 


The literature of American pomology is notably lacking in data 
upon the chemical composition of much of the material with which 
it deals. Such information as is available is largely derived from 
studies of a relatively small number of varieties of outstanding com- 
mercial importance. The focusing of attention upon these in con- 
nection with studies of development, ripening, and behavior in 
storage has resulted in the accumulation of fairly complete data in 
regard to their chemical composition. At the same time the study 
of varieties of lesser commercial importance has been neglected. 
Only a very small percentage of the 2,500 to 3,000 named varieties 
of apples recognized by authorities have ever been subjected to 
chemical analysis. The standard textbooks usually contain lists of 
apples recommended for home orchards or for commercial plantin 
in specified districts, but for many of these no results of chemica 
analysis have been recorded. In consequence, the varietal descrip- 
tions found in the manuals, while giving such details of physical 
appearance and character of the various fruits as permit recognition 
by the student, can go no further in their attempts at chemical 
characterization than the use of the rather vague terms “subacid,” 
“tart,” ‘mildly acid,’ “sweet,” and the like. Such descriptions, 
however adequate they may be for the purposes for which they are 
designed, are of little use when the fruit is considered as raw material 
to be converted into various preserved food products. The uses 
which may advantageously be made of a given variety for manufac- 
turing purposes depend in some degree upon its physical character, 
but in much larger degree upon its chemical composition. In the 
absence of detailed chemical data upon more than a small number of 
varieties of apples, the manufacture of food products is rather 
rigidly confined to these known varieties. The necessity for the pro- 
duction of uniform, standardized products forbids random employ- 
ment of unknown material, and in consequence a very large volume 
of potentially valuable raw material will remain unused until inves- 
— of its chemical character yields data indicating its possi- 
vilities. 

REVIEW OF LITERATURE 


Most of the analyses of apple juices made by American workers 
reported in the literature up to 1904 have been assembled by Van 
Slyke (12).2, He reprinted analyses made by Browne (5) at the 
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Pennsylvania Agricultural Experiment Station, by Burd at Wash- 
ington, D.C., for Alwood and his collaborators (/, 3), and by David- 
son at the Virginia Agricultural Experiment Station (2), together 
with a number of analyses made at the New York Agricultural 
Experiment Station by Le Clere and Van Slyke (1/2). His tables 
include data on 75 dessert or culinary apples and 10 crabs, and his 
paper would appear to contain the{most extensive collection of 
analyses of American apples, either of whole fruit or of juices, to be 
found in the literature. Richards (1/1) published Few mein of the 
whole fruit of about 18 varieties in 1887, and Browne (5) has made 
similar analyses of 25 varieties. Bigelow, Gore, and Howard (4) 
made a large number of analyses on whole fruits of a limited number 
of varieties at various stages of maturity, and Gore (9) published 
analyses of the fresh juices of 11 varieties. Jones and Colver (10) 
made very extensive analytical studies of the composition of whole 
fruits of about 30 varieties of apples, grown under both irrigated and 
unirrigated conditions, and in these studies they included all the 
more important commercial varieties grown in Idaho. 

In the papers cited the analyses usually included such varieties 
as were rather extensively cultivated in the State or locality in 
which the work was done, and a number of varieties are common to 
most or all of the lists. The more recent literature contains a 
considerable amount of analytical data in regard to a relatively 
small number of varieties already included in the older papers, so 
that altogether not more than 200 varieties are represented in the 
literature. by analyses either of the whole fruit or of the juices. 


PURPOSE OF THE PRESENT WORK 


One phase of the investigations having to do with the utilization 
of surplus and unmarketable horticultural products in progress in 
the fruit and vegetable utilization laboratory of the Office of Horti- 
culture has had as its object the accumulation of data upon the 
chemical composition of apples with especial reference to the avail- 
ability of the various varieties and varietal groups as material for the 
making of unfermented juices for beverage purposes. It was felt 
that such a chemical survey of a large mass of unknown material 
would have very considerable scientific interest and would at the 
same time be of practical value by calling attention to the avail- 
ability for manufacturing purposes of a large volume of material not 
being used. 

The plan pursued in the accumulation of such data was primarily 
one of annual analysis of the expressed juices of a large number of 
varieties growing under controlled conditions, for the purpose of 
procuring data as to composition, as to the range and character of 
the variations in composition occurring from year to year, and as to 
the relation of such variations to the annual fluctuations in seasonal 
climatic conditions. The results of such a study of more than 200 
varieties of apples, continued over a period of six years, and of 60 
varieties of grapes over a period of five'years, have been published 


=, 

With the twofold object of obtaining basic data upon the chemical 
composition of as large a number of apple varieties as possible and of 
discovering varieties of special characteristics which might make them 
valuable for,special purposes, a large number of varieties have been 
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analyzed in this laboratory at various times since 1919. In a number 
of cases it was the original intention to make analyses annually in 
connection with the study to which reference has already been made, 
but the habit of irregular bearing, destruction of the crop by frosts, 
accidental injury or death of one of the trees, or limitation of time 
available for the work prevented this. In other cases no attempt 
was made to obtain analvses each year, but two analyses in different 
years were made when time permitted. Analyses of about 80 varieties 
of astringent apples are published elsewhere (8). 


SOURCE OF MATERIAL 


The fruit employed was grown in the apple variety collection of 
the Office of Horticulture, at the Arlington Experiment Farm, 
Rosslyn, Va., near Washington, D. C., except as otherwise noted, 
and consisted of sound tree-run samples of 1 to 5 bushels in quantity, 
of the mixed crop of the two trees of the variety. The samples 
were handled in all the details of storage, expression of juice, and 
analysis in the same manner as the material employed in the study 
already mentioned (7), which presents details as to the location of 
the orchard, character of soil, cultural treatment of the orchard, 
and methods of analysis employed. In so far as the joint judgment 
of two or three experienced persons could determine, all samples of 
fruit were pressed at a like stage of maturity, about halfway between 
picking-ripe condition and eating ripeness. In no case was an 
occasional crop subjected to analysis, that is, any pair of trees had 
in every case borne a crop approximating normal in amount in the 
year preceding that in which the crop was sampled for analysis. 


SEASONAL CONDITIONS AS RELATED TO CHEMICAL 
COMPOSITION 


The significance of the results of an isolated analysis of a variety 
of apple must remain questionable until much more is known as to 
the effect of latitude, climatic and soil conditions, culture, and fer- 
tilization upon the chemical composition of the fruit. In the absence 
of large numbers of analyses made at an identical stage of maturity 
upon aconsiderable number of varieties throughout the whole extent 
of their range and consequently under widely varying but measured 
conditions with respect to all the factors named, it can not be known 
to what extent an analysis of a variety grown at a given place and 
under a known set of conditions is indicative of what may be found 
under another set of conditions either at the same place or elsewhere. 

Some background of information in regard to the extent to which 
variations in climatic conditions affect the composition of successive 
crops of the same trees is available for the analyses here presented. 
The six years 1920 to 1925, during which they were being accumulated, 
present several conditions approaching or equaling the maximum 
departures from normality recorded by the Washington station of the 
United States Weather Bureau during the 50-year period. While 
the year 1920 very closely approximated the normal in the amount 
and distribution of its rainfall sunshine, and temperature, 1921 was 
the hottest year since 1891; 1923 had the largest number of hours of 
sunshine between March 1 and July 1 on record; 1924 had excessive 
precipitation with exceptionally low temperatures during the growing 
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season; and 1925 had a very large deficiency in spring and summer 
rainfall. 

It has been shown elsewhere (7) that a large group of varieties upon 
which analyses were made during these years showed clear-cut mass 
responses to these differences in seasonal conditions. Employing the 
composition of the 1920 crop as a basis of comparison, the response 
consisted in an increase in sugar and acid content of the crop, accom- 
panied by a decrease in astringent content, as the sunshine and 
degrees of temperature received during the growing season increased 
over the amounts received in 1920, and a decrease in sugar and acid 
and an increase in astringency as sunshine and temperature fell below 
those of 1920. In consequence of the control exerted over the 
chemical composition of the crop by the seasonal conditions, the crop 
of 1923 showed materially higher sugar content than did that of any 
other year, 1921 standing second, 1925 third, 1922 fourth, 1920 fifth, 
and 1924 sixth and lowest. High sugar content was accompanied by 
high acidity and low astringent content, low sugar content by low 
acidity and high astringent content, the comparative ranking of the 
crops of the various years with respect to each of these constituents 
being shown in Table 1. 


TaBLE 1.—Comparative rank in total sugar, titratable acidity, and relative astrin- 
gency of apples analyzed in 1920-1925 


Tate Titrat- | Relative " Titrat- | Relative 

Year A able astrin- Year Ba med | able | astrin- 

sug acidity * gency > ‘ acidity | gency > 
ee 5 er Rc ciclinniidediesiesthdibasiiteal 1 2 | 4 
>= SE ee 2 | See 6 5 | 1 
Pe ttacinindattivine nae 4 3 OO peticusvaewpsarenen 3 6 | 3 


* Ranking of 1 indicates maximum; 6, minimum. 
+ Data upon relative astringency were not obtained in 1920 and 1921; hence the ranking in these items is 
from 1, the maximum, to 4, the minimum. 

Since the material employed in the present analyses was grown in 
the same orchard in the same years and under the same conditions 
as that employed in the study from which the conclusions just stated 
were derived, it is a logical assumption that the fruit of the varieties 
here employed was affected in the same manner by the seasonal 
conditions. Consequently, analyses made in 1923 or 1921 will 
show a content of sugar which is high for the variety as grown in 
this orchard and which will be attained only under conditions excep- 
tionally favorable for photosynthetic activity. Those made in 1924 
or 1920 will show a minimum sugar content, reached only in years 
which are low in sunshine and temperature, while those made in 
1922 or 1925 may be expected to present results near the middle of the 
range in composition of the variety as grown in this locality. The 
correlation of sugar content with acidity and astringency content, 
already mentioned, should also be found to obtain in these results. 

The data of Table 2 contain material for testing the validity of 
these assumptions, since a considerable number of the varieties were 
analyzed in two or in three years of the period, in some cases in con- 
secutive years, in others with an interval of one or two years between. 
Comparison of the results for the individual varieties, or of a group of 
varieties analyzed in the same years, will at once indicate whether the 
individual or the group behaved in accordance with the assumptions 
just made. 
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That these assumptions hold in a general way is apparent from 
examination of the data. Fifty-two varieties were pts eet in 1923 
and also in some other year (in two instances in two other years). 
In 40 of these, the 1923 analyses showed higher sugar content than 
did the other years. In 27 of the 52, total acidity is higher in 1923, 
and in 33 relative astringency is lower than in the other year or years. 
This is in good agreement with the results obtained with the group 
analyzed annually, for which 1923 was the year of maximum sugar 
and minimum relative astringency content. The year of minimum 
sugar content in the work with the large group was 1924. Thirty- 
eight varieties of this group were analyzed in that year and also in 
some other year or years. Thirty-two of these had lower sugar 
content, 25 had lower acid content, and 25 had higher relative astrin- 
gency in 1924 than in the other year in which they were analyzed. 
Thirty-six varieties were analyzed in 1922 and also in some other 
year. In 26 of these cases there was also an analysis made in 1923, 
a year of maximum sugar content in the large group. In 18 of these 
26 varieties sugar content was lower, and in 19 saan astringency 
was higher, in 1922 than in 1923. Twelve of the varieties analyzed 
in 1922 were also analyzed in 1924, which was in the case of the 
large group a year of lower sugar content than was 1922. In 9 of 
these the sugar content was higher, in 10 the acid content was higher, 
and in 10 the relative astringency was lower in 1922 than in 1924. 

The analyses of 1922 and 1923 present one exception to the situ- 
ation generally present, in that the acid content of the 1922 samples 
is not prevailingly lower than in the same varieties in 1923. While 
actually lower in 10 of the 26 cases, it is equal or higher in the re- 
maining 16. Acid content thus fails to behave in agreement with 
sugar content in this instance. This emphasizes the fact that 
climatic conditions influence sugar and acidity in the same direction 
but not necessarily in the same degree; there is: no relationship 
between the two constituents such that they must necessarily rise 
or fall strictly together. 

With this exception, the results of the analyses conform, in. the 
quantity and interrelations of the constituents under discussion, to 
expectations based upon the group studied consecutively over the 
period. The exceptions discoverable would appear to be of the 
frequency and character observable in all work involving large 
numbers of individuals, whether of one variety or of various botanical 
or horticultural varieties. It therefore appears to be justifiable to 
consider that any analysis here presented has somewhat greater 
meaning than can be attached to an isolated analysis unaccompanied 
by any information as to the conditions under which the material 
employed was grown. The years in which the analyses were made 
have been evaluated, for purposes of apple production, by ascertain- 
ing the composition of a large number of varieties which were found 
to behave in high degree as one. In so far as these analyses permit 
comparison of varieties with themselves in different years, the results 
accord with the behavior of the group. The group swung together 
through a range of chemical composition, its place within the range in 
any year being determined by the conditions of the year. In so far as 
internal evidence indicates, the varieties here dealt with behave in 
the same manner as the group. It appears justifiable to consider 
that the cases in which only a single analysis was made were mani- 
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festing the same general behavior, and that an analysis made in 
1920 or 1924 presents a close approximation to the minimum sugar 
content and maximum astringent content to be encountered in the 
variety under normal cultural conditions at Washington; that an 
analysis in 1923 or 1921 may be regarded as near the maximum 
sugar and minimum astringency to be expected here; and that 1922 
will show an absence of extremes, the results standing near the 
middle of the range for both constituents. 

The acid-astringency-sugar ratio, that is, the ratio obtained by 
dividing the total astringency and the total sugar content by the 
titratable acidity, has been calculated for each analysis and the results 
are included in Table 2. The importance of this ratio has been pointed 
out elsewhere (7); it attempts to derive from the analytical data an 
expression of the character of the material as judged by the sense of 
taste. Since sugar and astringent materials are influenced in opposite 
directions as regards their quantity by a given set of climatic condi- 
tions, it follows that the ratio will vary from year to year with varying 
climatic environment. The absolute amount of variation in any one 
constituent may not be great, but the collective effect of the simul- 
taneously occurring variations in opposite directions of two constit- 
uents which are concerned in determining palatability or dessert 
quality is large. It is responsible for the wide differences in palata- 
bility or appeal to the taste which are observable in the fruit or juice 
of the same variety from season to season. The acid-astringency- 
sugar ratio is an attempt to sum up in one expression the factors 
responsible for the collective effect upon the taste organs of the con- 
stituents which they perceive. It furnishes a sort of shorthand sum- 
mary of an analysis, permitting much more convenient and rapid 
comparisons between analyses than is otherwise possible. Thus a 
glance at the ratios in Table 2 shows at once that the juice of Bigg 
was much more acid and astringent in 1924 than in 1923; that 
Bloomfield and Connett Sweet were more astringent and less sweet 
in 1922 than in 1923, that the juices of Crookstem were very closely 
similar in 1922, 1923, and 1924, while those of Carlough were much 
more astringent in 1922 than in 1924. Such comparisons made 
directly from the analytical data demand several separate mental 
calculations with resulting lack of clarity. While the acid-astringency- 
sugar ratio tells nothing as to the absolute amounts of any of these 
constituents, it states their quantitative relationship to one another, 
and it is this quantitative relationship which is perceived by the sense 
of taste and expressed as a verdict of ‘‘too sweet,” “‘too acid,” “just 
right,” or similar phrases. It is certain that many of the chemical 
analyses of apples and other fruits in the literature fall short of con- 
veying as adequate conceptions of the organoleptic quality, the 
appeal to the taste, as they would convey had data upon the astrin- 
gency content been included. The inclusion of such data in analyses, 
with the conversion of the analytical results into the form of the acid- 
astringency-sugar ratio, will materially aid the reader in deriving a con- 
ception of the effect upon the taste organs from the analytical data. 


SUMMARY 


Data upon the chemical composition of the juices of 98 varieties 
of apples grown at the Arlington Experiment Farm, Rosslyn, Va., 
near Washington, D. C., in the years 1920 to 1924 are presented. 
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Two of the varieties were analyzed in 3 years, 63 in 2 years, and 33 
in 1 year only. Analyses of 10 varieties of French cider apples grown 
at the Virginia Agricultural Experiment Station, Blacksburg, Va., 3 
of which are also represented in the material grown at the Arlington 
farm, are also included in the tables. Many, perhaps most, of the 
105 varieties concerned are not now represented by analyses in the 
literature. 

The analytical results lend confirmation to the conclusion estab- 
lished by previous work that climatic conditions during the period 
of development and maturity produce consistent and sustained ef- 
fects upon the chemical composition of the fruit of apple trees, the 
character of these effects being that of mass responses given by large 
groups of trees of dissimilar origin, adaptation to local conditions, 
and character of fruit. 

Since the climatic conditions of the years in which the analyses 
were made are definitely known, and their specific effects upon the 
composition of their respective crops have been determined for large 
groups of varieties, any individual analysis has somewhat greater 
significance than would be the case were it not accompanied by such 
information. 
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BACTERIAL HALO SPOT OF KUDZU CAUSED BY 
BACTERIUM PUERARIAE HEDGES ' 


By Fiorence HEDGES 


Associate Pathologist, Pathological Laboratory, Bureau of Plant Industry, United 
States Department of Agriculture 


INTRODUCTION 


The first appearance of the kudzu vine (Pueraria thunbergiana) 
in America is said to have been at the Philadelphia Centennial 
Exposition in 1876, where it was used to cover the Japanese tea 
houses. Once introduced it remained, these few plants having been 
left behind by the departing Japanese in the hands of a few fanciers 
of foreign plant oddities. In recent years, however, the vine has 
become of some economic importance in the South as a forage crop, 
a fact which has resulted in an increased interest in the problems 
connected with its culture and the diseases affecting it. 


HISTORY OF THE DISEASE 


In August, 1925, badly spotted leaves of kudzu (pl. 1, A, B, C, 
and E), collected August 27 at Cairo, Ga., by O. C. Boyd, of the 
Georgia State Board of Entomology, were received by the writer 
with the statement that the ‘infection is just now becoming prom- 
inent.””’ A month later a second lot of material was received, with 
the information that the disease had spread very little in the fields 
during the time that had elapsed since the submitting of the first 
specimens. It had been found in another field, however. No gen- 
eral survey had been made. The weather had been unusually hot and 
dry. The disease proved to be bacterial. The parasite was isolated, 
and laboratory and greenhouse work was carried on through the 
winter in Washington. 

In June, 1926, a badly diseased vine found June 3 at Sylvester, 
Ga., was received from Boyd. There were few, if any, sound leaves 
on the plant, and this, wrote Boyd, was typical of all vines in a 
5-acre field planted with roots obtained from Florida. The owner 
had rooted out all the vines in this field, hoping to prevent the 
spreading of the disease to an adjoining 30 acres of kudzu planted 
with Georgia roots. At this time the latter field was free from 
disease with the exception of a few rows adjacent to the field of 
diseased Florida kudzu. Later in the summer, however, Boyd 
found the whole of the 30-acre field of Georgia kudzu very badly 
infected, the disease being present in a most virulent form. 

In the latter part of June, 1926, the writer visited kudzu fields 
in the vicinity of Cairo, Ga., and Monticello, Tallahassee, and 
Gainesville, Fla. 

Much of the disease was present in the Cairo, Ga., field from which 
the original material had been obtained the preceding August. 


' Received for publication Nov. 12, 1927; issued May, 1928. 
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Three fields were visited which had been planted with roots from this 
field, one in March, 1925, and two in February or March, 1926, 
i. e., one the spring preceding and two the spring following the dis- 
covery of the disease in August, 1925. Many young infections were 
found on leaves and runners in all three of these fields. In one of 
the 1926 plantings the young foliage of some of the vines was 
thickly beset with small angular water-soaked spots (pl. 1, D), from 
which the kudzu organism was later isolated. 

Little, if any, of the disease was observed in the other five fields 
visited in the vicinity of Cairo. 

The disease was also found in the vicinity of Tallahassee, Fla., 
though to a minor extent. It was not observed either at Monticello 
or Gainesville, Fla. 


GEOGRAPHICAL DISTRIBUTION 


The writer has thus far observed this disease only in Georgia and 
Florida, but no extended survey has been made. In the summer of 
1924 Clinton * reported in Connecticut a kudzu bean spot, of which 
he wrote: “‘ New to State and probably to the United States; produced 
yellow spots on leaves exactly like wildfire of tobacco, but so far have 
failed to produce the disease; some spots are like the bacterial spot of 
bean.”’ In 1926 dried specimens of this material were sent to the 
writer by Clinton for comparison. The disease appeared to be the 
same as that here described. 


DESCRIPTION OF THE DISEASE 


The disease forms conspicuous spots on the leaves and glistening 
brown streaks on the succulent young runners. The infections are 
stomatal and the youngest spots are angular and water-soaked. 
(Pl. 1, D.) Later the center becomes brown and is surrounded by 
an irregular translucent area. (Pl. 1, A, C, E.) Slightly older 
spots have in addition a wide yellow halo. (Pl. 1, B.) Finally the 
surrounding tissue becomes brown before the diseased area has 
withered and dried. The bacteria are abundant in the center of 
the spot, but in the halo they are present chiefly if not exclusively in 
the bundles, from the cut ends of which in free-hand sections they 
pour out in masses. 

The wide yellow halo, from which the common name of the disease 
is derived, is strikingly like that in tobacco wildfire. It is much 
more striking when the spots on a leaf are comparatively few. When 
they are close together the halo is less in evidence or disappears 
altogether. 

ISOLATION OF THE PARASITE 


The parasite is easily isolated from fresh material or even from 
that which has been kept dry in the laboratory for three or four 
weeks. The only difficulty which the writer has thus far experi- 
enced in this regard was in isolating the organism during a long- 
continued period of excessive heat in Washington, when both diseased 
material (collected four weeks previously) and poured plates were 





2? CLINTON, G. P. KUDZU-BEAN. U.S. Dept. Agr., Bur. Plant Indus., Off. Plant Disease Survey, 
Plant Disease Rptr. Sup. 42:354. 1925. [Mimeographed.] 
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kept at the unusually high room temperature (about 34° C.). (See 
“Temperature relations,” p. 427.) 

The leaves will stand a treatment with HgCl, 1:1,000 for 30 to 45 
seconds, but such sterilization is not necessary. Equally good 
results were obtained by careful washing, either rubbing between 
thumb and forefinger under the tap or dipping in alcohol and then 
passing through a series of two to five tubes of sterile tap water, allow- 
ing the pieces of tissue to remain a few minutes in each. The 
colonies appear in one to two days. 


INOCULATION EXPERIMENTS ON KUDZU 


Attempts to grow kudzu from seed in the greenhouse met with 
very little success during the winter of 1925-26. Most of the seeds 
failed to germinate, and those that did produced only very stunted 
plants, all but four of which soon died. These four survivors were 
kept for some time in the hope that they would begin to grow, and 
though they never produced more than a few leaves, they were 
finally inoculated, as they were the only kudzu plants available. 
They were sprayed in an inoculating cage in the greenhouse with a 
water suspension of a 2-day-old beef-agar culture of the kudzu 
organism. At the end of 24 hours, during which they were con- 
tinually moist, the plants were removed from the inoculating cage. 
They were under observation for six weeks, but only one of the four 
ever showed any sign of infection. This plant had produced a few 
new leaves since inoculation. The other three had made no growth 
at all. From this one infected plant typical colonies of the kudzu 
organism were isolated. Parallel inoculations on Lima bean pro- 
duced excellent infections, as hereinafter described. 

During the summer of 1926 kudzu vines were very successfully 
grown from seed in the greenhouse, and on these excellent artificial 
infections were obtained in August. The following method was 
employed: A few drops from a thinly clouded 24-hour-old beef-broth 
culture were poured on both sides of young leaves, which were then 
rubbed lightly with a cotton plug and sprayed with a fine spray of 
sterile water. Some of the leaves were covered with paraffined bags, 
but no attempt was made to keep the other inoculated leaves moist 
foranumber of hours. The plants were placed in the shade, however. 
The cultures used were from three different sources—the 100 per cent 
infected field in Sylvester, Ga., the Cairo field in which the disease 
was originally discovered, and a 1926 planting from the latter. All 
were from isolations made in June and July, 1926. 

A week after inoculation there were excellent infections from all 
three strains, although the Sylvester organism seemed to be the most 
virulent. There were masses of very small, angular, water-soaked 
spots on the under surface of the leaf, in every way similar to those 
observed in the kudzu fields in June. On the upper surface the spots 
were brown. Some had large pale-green halos. The leaves in the 
paraffined bags were no more seriously infected than the others. 


INOCULATION EXPERIMENTS ON LIMA BEAN 


_ Owing to the difficulty experienced in growing kudzu satisfactorily 
in the greenhouse during the winter of 1925, all but one of the inocu- 
lation experiments carried on during that period were made on Lima 
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beans after a preliminary set of prick inoculations had shown that the 
kudzu organism was infectious to the Lima bean. Prick inoculations 
in stem and leaf blade resulted in a yellowing of the inoculated leaves, 
a reddening of the veins, and a subsequent wilting and shriveling. 
The organism was reisolated from such leaves. 

Spray inoculations on Lima beans kept moist in inoculating cages 
for 24 hours after spraying with water suspensions of young beef-agar 
cultures, produced excellent infections in the greenhouse. In 8 to 
10 days the leaves were covered with small irregular water-soaked 
spots. (Pl. 1, H, I.) By reflected light the whole spot appeared 
water-soaked. By transmitted light there was a pale-green halo 
with an inner red ring and a paler yellowish green or colorless center. 
Occasionally the center was red also. Four or five weeks after inocu- 
lation, the infected areas, much increased in size, were pale yellowish 
green or reddish brown, sometimes with a darker red border sur- 
rounded by a more or less yellowed area. Some of the veins in the 
infected areas were much reddened. In such an infected area 
covering about 8 sq. cm., bacteria were found in abundance five 
weeks after inoculation, and the kudzu organism was reisolated. 

Excellent secondary infections appeared on pods (pl. 1, G) borne 
on Lima-bean plants inoculated by spraying when in blossom. 
Infections had been observed on the young leaves of these plants 11 
days after inoculation. The spots on the pods were water-soaked 
and there was a white bacterial ooze. The older spots had reddish 
or yellowish centers and were considerably sunken. From both the 
white ooze and the water-soaked tissue the kudzu organism was 
reisolated. 

Prick inoculations on green Lima-bean pods in a damp chamber 
produced water-soaked areas on both pods and seeds. (PI. 1, F.) 
The first signs of infection were visible in two days. The small, 
tender, green seeds were especially susceptible. 

The pathogenicity of the kudzu organism repeatedly isolated from 
artificial infections on Lima beans-was proved by inoculation ex- 
periments. 


DISSEMINATION AND CONTROL OF THE DISEASE 


No experiments in the dissemination and control of the disease 
have, as yet, been carried out, but there is some circumstantial 
evidence that the disease may be introduced into a new field by 
planting roots or runners from a field in which the disease is present 
(p. 420). The causative parasite, Bacterium puerariae,’ is capable of 
long-continued growth at low temperatures (p. 427), and the writer 
believes that the organism is able to live over the winter in the dead 
leaves, bits of which may be left clinging to the transplanted roots 
and act as centers of infection in the spring. In practice no special 
attempt has been made to remove such débris before transferring 
the roots to a new field. 

The planting of runners from an infected field is also a dangerous 
practice, as the succulent young stems are very susceptible and might 


+ An abstract of a preliminary paper presented before the American Phytopathological Society has 
appeared as follows: 

HEDGES, F. BACTERIAL HALO SPOT OF KUDZU. (Abstract) Phytopathology 17: 48. 1927. (Through 
be ee error the name of the causal organism appears in this paper as Bacterium pueriae instead of 

‘act. puerariae.) 





Bacterial Halo Spot of Kudzu 


BACTERIAL HALOZSPOT 


Natural infections on kudzu: A-C and E, older spots showing halo, 1; D, early water- 
age photographed by transmitted light, X 5; E, photographed by transmitted light 
rtificial infections on Lima bean: F, infected seed, prick inoculations 9 days old; G, 
secondary infection on pod borne on plant inoculated by spraying when in blossom; H, spray 
inoculation 10 days old on young leaf, X 2; I, same leaf photographed by transmitted light 





Bacterial Halo Spot of Kudzu PLATE 2 


CULTURES OF BACTERIUM PUERARIAE 


A. —Gelatin culture 5 days old. Saccate liquefaction. No liquefaction the fourth day. 
B.—Same, 24 hours later. X 1 
ne at end of 2 weeks. X 1 
Colonies on peptonized beef-infusion agar, 2 days old, showing white centers.  X 10 
.—Same colony as D, 3 days old. 
G.—Colony growing next to the glass, 13 days old. xX 10 
H.—Colony 9 days old. X 10 
I.—Colony 10 days old. X 8 
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serve as direct carriers of the disease. As the percentage of plants 
obtained from cuttings is very low, according to one of the oldest 
growers of this plant in America, there is a twofold reason for discon- 
tinuing the practice altogether. 

In the present state of knowledge the writer can only recommend 
the use of well-established roots from which bits of dead leaves and 
runners have been removed. These should be selected from disease- 
free fields. As a further precaution the discontinuance of planting 
from runners is advisable. 


CULTURAL CHARACTERS OF THE PARASITE 


Cultural studies of Bacterium puerariae gave the results stated in 
the following paragraphs. All cultures were grown at room tem- 
perature unless otherwise stated. 


BEEF-INFUSION (PEPTONIZED) AGAR PLATES.—Colonies appear in 1 to 2 days 
(21°-23° C.), and even when very young (2 to 3 days) show by oblique light the 
internal crosshatched markings or concentric striae which characterize them. 
(Pl. 2, D, E, H, I.) In occasional platings the young 2-day-old colonies have a 
very white center (pl. 2, D and E), which soon disappears, leaving a partial 
white ring, irregular in width, near the margin. (Pl. 2, F.) At first the colonies 
are round or approximately so, but later the margin becomes crenate. (PI. 2, 
Hand I.) This characteristic has been observed as early as the second day but 
is more commonly found in colonies a week or more old. When very much lobed 
the colonies become somewhat contoured. Colonies are bluish white, becoming 
somewhat opalescent, smooth, shining, and translucent. Young colonies are 
often very convex, older colonies almost flat; 3 to 6 mm. in diameter, sometimes 
in thinly sown plates, 9 to 10 mm. in diameter. No greening of the agar has 
ever been observed in plate cultures. Buried colonies are broadly fusiform, and 
those next to the glass are round and thin with coarsely granular centers and 
thinner regular or crenate margins. (PI. 2, G.) 

BEEF-INFUSION (PEPTONIZED) AGAR SLANTS, Py 6.8—7.0.—Thin whitish filiform 
growth in 24 hours (21°—23° C.), flat, glistening, finely contoured, translucent, 
butyrous, little if any odor. The growth shows a tendency to become smoother 
as the cultures grow older. Growth is always rather scanty or moderate, never 
copious. Slight but distinct greening of the medium is usually visible in about 
48 hours. 

BEEF-INFUSION (PEPTONIZED) AGAR STABS, Py 7.0.—Good whitish nailhead, 
scanty growth in upper part of stab. Slight but distinct green fluorescence 
usually noticeable in upper part of tube in about two days. 

BEAN-PLANT AGAR.—Very scanty, barely visible growth in 24 hours. Thin, 
whitish, shining, somewhat contoured growth and slight green fluorescence in 
three days. The organism never made more than a scanty growth on this 
medium. 

NUTRIENT (BEEF-INFUSION) GELATIN, Pq 7.2.—Slow saccate liquefaction of 
gelatin (pl. 2, A—C), beginning in 5 to 13 days (temperature varied widely, 
10°-22° C.). In some cultures the liquefaction finally became stratiform. 
Complete liquefaction has never been observed, although the cultures have been 
under observation for three and one-half to seven and one-half months. Green 
fluorescence was produced in 2 to 4 days. 

PoTATO CYLINDERS (STEAMED).—Potato considerably grayed in 24 hours 
(21°-23° C.). Growth barely visible at this time; usually a moderate growth in 
2 to 6 days, cream colored, wet shining, and smooth when thick enough to hide 
the irregularities in the surface of the potato. Sometimes there is only a scanty 
growth. 

BEAN JuiceE.—Moderately clouded in 24 hours. Slightly green fluorescence 
in three days. 

BEEF-INFUSION (PEPTONIZED) BOUILLON, Pq 7.0—7.2.—Clouding in 24 hours. 
Faint rim and flocculent pellicle in older cultures; flocculence. Good growth 
in this medium, best near the surface. There is often a marked zoning, i. e., a 
heavy clouding in the uppermost part of the culture to the depth of about 1 cm., 
then a comparatively clear zone, and again good clouding in the lower half of 
the culture. Usually a slight blue-green fluorescence in about six days. 
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FEeRMI’s sOLUTION.—Clouding in 24 hours (23°-26° C.). Beautiful bluish 
green fluorescence in 6 to 14 days. A heavy pellicle is formed, which breaks up 
easily and is precipitated in flakes; wide white rim. An excellent medium for 
this organism. 

Lirmus MILK.—No acid; alkali produced in three to five days. No coagula- 
tion; slow peptonization beginning in three to four weeks, not complete in two 
months. Litmus not reduced. 

METHYLENE-BLUE MILK.—Only a trace of blue remaining in five days. Color 
slowly returned. 

UscHINSKY’s SOLUTION.—Growth resembles that in Fermi’s solution. Blue- 
green fluorescence, wide white rim, heavy pellicle breaking up easily into flakes. 


DIASTASIC ACTION 


To test the diastasic action of Bacterium puerariae, streak inocula- 
tions were made on beef-extract agar plus 0.2 per cent cornstarch in 
Petri dishes. Bact. phaseoli, which has a strong diastasic action, was 
used as a check. The seventh day a saturated solution of iodine in 
50 per cent alcohol was poured into the plates. There was some 
diastasic action with all the six colonies of Bact. puerariae tested, 
but only two of them produced a clear zone entirely free of starch. 
This zone varied from 1 to 5 mm. in width and was clearly visible to 
the naked eye. When the plates inoculated with the other four 
colonies were examined with the binocular microscope it was observed 
that much of the starch had been consumed, although enough was 
left to make the zone blue. The amount of diastasic action produced 
in a given culture varied along the different portions of the streak 
and, strangely enough, did not appear to be correlated with the 
amount of growth. In the Bact. phaseoli checks there was a per- 
fectly clear zone 2 to 3 cm. wide on either side of the streak in which 
no starch at all was observed even with the binocular microscope. 


FERMENTATION OF SUGARS AND ALCOHOLS 
ACID PRODUCTION 


In the first series of fermentation experiments beef-extract agar 
(containing 0.5 per cent peptone, Pg 6.6) was used as the basic 
medium. To this was added 1 per cent of the sugar to be tested and 
brom cresol purple as an indicator. 

Acid was produced from all but one (lactose) of the five sugars 
tested and from one of the two alcohols, as follows: 


Guvucose.—Acid produced in 24 hours; acid throughout in two to three weeks. 
Temperature, 19°—24.5° C. 

SaccHAROSE.—Aci i yo days. Temperature, 20.5°-23.5° C. 

GaLacTosE.—Acid produced in two days. Temperature, 21°—23° C. 

Lrevu.ose.-—Acid produced in four days. Temperature, 21°-23° C. 

Lactose.—No acid produced. Under observation five weeks. Temperature, 
21.5°-25.5° C. 

Gu YCERIN.—Acid produced in four days. Temperature, 21°—23° C. 

Mannit.—No acid produced. Under observation 16 days. Temperature, 
21°-238° C. 

Good growth on glucose, saccharose, aon, levulose, and glycerin. Poor 
growth on lactose and mannit. 


A second series of experiments was made, using ammonium phos- 
phate agar (peptone free) as a base. This medium, originally Py 
5.9, was adjusted to Py 7.0 before the addition of the sugars and 
alcohols. The results were similar to those obtained with the beef- 





Mar. 1, 1928 Bacterial Halo Spot of Kudzu 425 


extract base. Another sugar (maltose) was tested, however. Brom 
cresol purple was the indicator, as in the preceding series. The 
results were as follows: 

Giucose.—Acid produced in 2 days; acid throughout in 13 days. Tempera- 
ture, 21°-23° C. 

SaccHarosE.—Acid produced in 2 days; acid throughout in 13 days. Tem- 
perature, 21°-23° C. 

GavLacTosE.—Acid produced in 2 days; acid throughout in 13 days. Tem- 
perature, 21°-23° C. 

LevuLose.—Acid produced in three days. Temperature, 21°-23° C. 

Lactosge.—No acid produced. Temperature, 21°-23° C. 

Ma.trose.—No acid produced. Temperature, 21°-23° C. 

GuycERIN.—Trace of acid in two days. Some of the cultures were acid through- 
out in three days. Temperature, 21°—23° C. 

Mannit.—No acid produced. 


As in the first series of experiments, good growth was correlated 
with acid production. There was excellent growth on glucose, sac- 
charose, galactose, levulose, and glycerin and barely distinguishable 
growth on lactose, maltose, and mannit. 


ALKALI PRODUCTION 


Alkali production was studied on three sugars, using beef-extract 
agar (same stock as in the acid-production studies) with phenol red 
as a base, with the following results: 


G.ucose.—Alkali produced in three or more days. Temperature, 19°-24.5° C. 

SaccHAROSE.— Alkali slowly produced; none in two weeks, but alkaline through- 
out in seven weeks. Temperature, 20.5°-23.5° C. 

Lactosge.—Alkali produced. Temperature, 21.5°-25.5° C. 


GAS PRODUCTION 


No gas was produced from glucose, saccharose, lactose, or glycerin 
> ’ >] , ~ 
in ammonium phosphate agar stabs. ‘Temperature, 22°-24° C, 


NITRATE REDUCTION 


The sulphanilic acid a-naphthylamine test described in the manual 
of the Society of American Bacteriologists was used, with Bacillus 
phytophthorus as a check. Tests were made at the end of 24 and 48 
hours and 4, 7, and 10 days. There was no reduction of potassium 
nitrate to nitrite by Bactervum puerariae. Ammonia produced; no gas. 
Temperature 23° C. Bacillus phytophthorus used as a check, re- 
duced the nitrate in 24 hours. 


PRODUCTION OF AMMONIA, HYDROGEN SULPHIDE, AND INDOL 


Cultures 48 hours old of Bacterium puerariae in peptone beef- 
extract broth, with and without potassium nitrate, showed the 
presence of ammonia when tested with Nessler’s solution. 

No hydrogen sulphide was produced in peptone beef-infusion 
broth Py 7.0 and Py 7.4. Strips of filter paper saturated with lead 
acetate solution and suspended in the neck of the tube served as the 
indicator. Bacillus coli and Bacterium phaseoli were used as checks. 


The Gnezda oxalic-acid test for indol gave negative results with 
cultures of Bacterium puerariae in Dunham’s solution made with 
peptone containing tryptophane. Bacillus coli was used as a check. 
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MINIMUM, OPTIMUM, AND MAXIMUM HYDROGEN-ION CONCEN- 
TRATION 


The first series of studies to determine the minimum, optimum, 
and maximum Py, was made in beef-infusion broth with Py, reactions 
ranging in a series of short steps from 4.9 to 9.8. Growth occurred 
in 19 hours in Py 5.6 to 8.8 (best in Py 6.5). At the end of three 
days no additional tubes had clouded. In five days the Py 9.0 was 
clouded, having become more acid and thus within the range of the 
organism. The Py 5.0 never clouded (under observation 16 days). 

A similar series was tested, substituting beef-extract broth for beef 
infusion. In this experiment the growth range of the organism was 
slightly extended. The Py reaction ranged from 4.9 to 9.5. In 
19 hours there was growth in Py 5.5 to 9.1. In 43 hours Py 9.4 
was also clouded. 

The optimum Py in the beef-infusion broth is 6.5 to 7.0; in the beef- 
extract broth there seemed to be equally good growth at 5.5, 6.0, 
6.4, and 6.8. 

No green fluorescence was produced in beef-extract broth. In 
the beef-infusion broth most fluorescence was produced at Py 8.0. 


OXYGEN REQUIREMENTS 


There was no evidence of anaerobic growth in shake cultures or 
stab cultures covered with 10 c. c. of melted agar. Good surface 
growth occurred in both types of cultures. Beef-extract agar was 
used. 

FLUORESCENCE 


Bacterium puerariae should probably be classed as a green fluo- 
rescent organism, although the greening produced in beef-infusion 
media might easily be overlooked. In early stages of growth it 
may usually be observed in the uppermost centimeter of both beef- 
infusion agar stabs and beef-infusion broth at about Py 7.0 to 8.0. 
Later this small amount of greening becomes diffused and is not 
easily distinguishable. When first observed in the beef-infusion 
broth it is slightly bluish green. No fluorescence is noticeable in 
plate cultures. It is more marked in beef-infusion gelatin stabs than 
in beef-infusion agar. There is slight greening of bean juice and bean- 
plant agar. 

No fluorescence has been observed in beef-extract broth or agar. 

Fermi’s and Uschinsky’s solutions become beautifully blue-green 
fluorescent. 

LONGEVITY 


The organism is known to live at least four weeks in leaves kept 
dry in the laboratory at moderate room temperatures (about 
21°-22° C.). It has been plated from such material and found to 
be pathogenic. 

The vitality of the organism is much affected by high temperatures 
(see “Temperature relations,” p. 427), and it is probable that many 
of the bacteria die rather quickly in the drying tissues during hot 
weather. 

Cultures kept at room temperature were alive at the end of six 
weeks on beef-infusion agar slants in Fermi’s solution and sterilized 
bean‘ juice. 
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It is the experience of the writer that stock cultures in Fermi’s 
solution and beef-infusion agar can be kept alive one and one-fourth 
to one and one-half years in the ice box at about 19° C., and beef- 
infusion agar cultures have been known to survive two years and 
four months at that temperature. 


TEMPERATURE RELATIONS 


A series of cultures in beef-infusion broth Py, 7.1 were tested at 
10 different temperatures ranging from 2.5°-33° C. 

In 19 hours growth had occurred from 13°-29° C. There was no 
growth at 2.5°, 7°, 8°, or 33°. The optimum growth in 24 hours 
was at 20°-23°. At the end of four days the best growth was at 
room temperature (average 22+° C.). Growth finally occurred at 
all the temperatures. All clouded at the lowest temperature (aver- 
age 2.2+°) in 5 days (one tube in 43 hours, a second in 4 days). 

Cultures were kept in the 2.2+° C. compartment all through the 
winter (November 22, 1926, to March 9, 1927), transfers being made 
from them from time to time to test their vitality. The temperature 
ranged from 1.5°-2.5° during this period. On March 9 they were 
still alive, though somewhat less vigorous, the transfers taking 2 days 
to cloud instead of 24 hours. 

To recapitulate: The optimum temperature is 20°-23° C., the 
maximum temperature above 33°, the minimum below 2.5°, and long- 
continued growth is possible at about 2.5°. 

The inhibiting effect of high temperatures was demonstrated by 
the inability of the writer to isolate Bacterium puerariae from in- 
fected leaves when the room temperature at which both the diseased 
material and the poured plates were kept averaged 34° C. It was 
first thought that the organism had been killed in the tissues by the 
high temperature that had prevailed throughout the four weeks fol- 
lowing the collection of the halo spot, but this proved not to be the 
case, inasmuch as successful isolations were made from the same 
material when the plates were put into the ice box at a temperature 
of 15°-19° immediately after pouring and kept there for the duration 
of the experiment. 

To test further, at this juncture, the comparative effect of high 
room temperatures and the lower ones of the ice box, two parallel 
sets of cultures were made in Fermi’s solution. One was placed in 
the ice box, the other kept at room temperature. A fairly constant 
temperature of 18.5°-19° C. was maintained in the ice box. The 
room temperature was 31°-34.5°. The cultures grew slowly at both 
temperatures at first, but at the end of 10 days the difference between 
them was striking. Those at the high room temperatures were only 
very thinly clouded, while those at 19° were heavily clouded. Both 
were bluish green fluorescent. 


THERMAL DEATH POINT 


The behavior of Bacterium puerariae in thermal death-point experi- 
ments (10 minutes at 48°-65° C.) was very erratic, a given culture 
sometimes containing a few individuals with a thermal death point 
a number of degrees higher than that of the remainder. A transfer 
from one such culture resisted 63°, though others from the same tube 
were killed by 60° and 58° C. None resisted 65°. The thermal 
death point of the majority is still in doubt. 
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MORPHOLOGY 


On beef-infusion agar the organism consists of rods occurring 
singly or in pairs. Chains and filaments are also formed. The 
rods are polar flagellate, having 1 to 3 flagella at one or both ends. 
Capsules not observed. In 24-hour-old cultures on peptone beef- 
infusion agar the rods measured 0.86 to 1.67 by 0.3 to 0.48 u. 


REACTION TO STAINS 


Bacterium puerariae is easily stained with carbol fuchsin and the 
“‘aqueous-alcoholic” solutions of gentian violet and basic fuchsin. 
It is Gram negative and not acid fast. No capsules were demon- 
strated with Ribbert’s capsule stain. The flagella stain readily 
with the Casares-Gil flagella stain. 


BRIEF DESCRIPTION OF BACTERIUM PUERARIAE HEDGES 


A short polar-flagellate noncapulate rod, 0.86 to 1.67 by 0.3 to 0.48 uw; chains 
present; endospores absent; Gram negative; not acid fast; producing “halo 
spot” on the kudzu vine (Pueraria thunbergiana), also pathogenic to Lima bean; 
strictly aerobic; liquefying gelatin; no reduction of nitrates to nitrites or gas 
production in nitrate media; ammonia produced; no production of hydrogen 
sulphide or indol: no chromogenesis on beef-extract bouillon or agar; slight but 
distinct blue-gree.. fluorescence in beef-infusion (peptonized) bouillon and agar; 
marked greening of nutrient gelatin and beautiful blue-green fluorescence in 
Fermi’s and Uschinsky’s solutions; slight diastasic action; produces acid from 
glucose, saccharose, galactose, levulose, and glycerin, none from lactose, maltose, 
or mannit; no gas produced from glucose, saccharose, lactose, or glycerin; growth 
on peptonized beef-infusion agar in 24 hours moderate, whitish filiform, flat, 
glistening, finely contoured; colonies on peptonized beef-infusion agar bluish 
white or opalescent, round becoming crenate or lobed, smooth, shining, trans- 
lucent, with internal crosshatchings or concentric striae; no acid or coagulation 
produced in milk; production of alkali and slow peptonization in milk; no reduc- 
tion of litmus in litmus milk; steamed potato cylinders grayed, growth cream 
colored; optimum Pg is 6.5; growth range in peptonized beef infusion broth is 
Pq 5.6 to 8.8 (19 hours); optimum temperature for growth about 22° C.; maxi- 
mum temperature above 33°; minimum temperature below 2.5°; thermal death 


point, see page 427. 
SUMMARY 


This paper describes a disease of kudzu vine. The disease is 
characterized by a conspicuous spotting of the leaves, the presence 
of wide yellow halos when the spots are not too close together, and 
glistening brown streaks on the succulent young runners. 

Halo spot is known to occur in Georgia, Florida, and Connecticut. 

From the spots an organism, Bacterium puerariae Hedges, has been 
isolated and its pathogenicity proved by pure-culture inoculations. 
Its biological characters are herein described. 

Bactervum puerariae is also infectious to the Lima bean. 

Examination of kudzu fields furnished very good circumstantial 
evidence that the disease is introduced into new areas by planting 
them with roots from diseased fields. The organism has been proved 
capable of long-continued growth at low temperatures, and the 
writer believes that it lives over the winter in the dead leaves, bits of 
which remain attached to the transplanted roots and act as centers 
of infection in the spring. 

Roots for transplanting should be selected from disease-free fields. 
The use of cuttings should be avoided, as the succulent young runners 
are very susceptible to infection and might easily serve as direct 
carriers of the halo-spot disease. 





CHANGES PRODUCED IN APPLES BY THE USE OF 
CLEANING AND OIL-COATING PROCESSES' 


By J. R. NeELLeR 
Associate Chemist, Agricultural Experiment Station, State College of Washington 


INTRODUCTION 


In the past two years it has become necessary in several of the Rocky 
Mountain and Pacific Coast States to employ cleaning methods for 
the purpose of removing excessive spray residue from apples after 
harvest. These methods are of two general types—dry brushing or 
wiping the fruit and washing it in chemical solutions. The latter 
method is the more effective and is coming into general use. The 
cleansing liquids employed are usually dilute solutions of either an 
acid or a base. Hydrochloric has been found to be the best acid at 
strengths varying from 14 to 3 per cent by weight of the acid, depend- 
ing upon conditions. Of the basic solutions, sodium hydroxide or 
sodium carbonate are generally used in strengths similar to those 
given for hydrochloric acid. Disinfectants are sometimes added to 
the washing solutions. A discussion of these processes has been 
reported by Heald, Neller, and Overley,’ and it suffices here to state 
that the hydrochloric-acid treatment is conducted in tanks with 
varying degrees of agitation, or under spray pipes from which the 
liquid, under moderate pressure, is directed upon the fruit. Alkaline 
solutions are similarly used, except that the liquid is generally heated 
to about 43° C. In both cases the fruit is washed in water before it is 
dried and packed. Fruit that has been treated with an alkali, such 
as sodium hydroxide, is given a light coating of a mineral oil-paraffin 
mixture to retard shriveling of the skin. The oil is generally applied 
by means of revolving brushes. 

It is probable that these cleaning processes affect the physiological 
activities of the fruit, particularly when they are followed by the 
addition of a protective coating of oil. The purpose of the present 
paper is, by presenting a comparison of treated and untreated fruit, 
to show some of the effects produced by these treatments. The fruit 
used in the experiments was commercially harvested, cleaned, and 
treated in an irrigated section of central Washington. 


EXPERIMENTAL METHODS 


Special attention was given to the effects of the treatments upon 
the respiratory rates of the fruit. These were determined by measur- 
ing the evolution of carbon dioxide from duplicate or triplicate 
samples of from six to eight apples each. The maximum variation 


1 Received for publication Dec. 27, 1927; issued May, 1928. Published with the approval of the director 
of the Washington Agricultural Experiment Station as Scientific Paper No. 142, College of Agriculture and 
Experiment Station, State College of Washington. 
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between duplicate determinations was 9.68, the minimum 1.71, and 
the average 5.25 per cent. 

By the method used, air was drawn through soda-lime towers to 
remove CO,. It was next bubbled through a half-inch column of 
10 per cent H,SO,, and then into desiccators containing the weighed 
fruits. The air was drawn out from the bottoms of the containers 
and through a series of CO, absorption towers containing 0.3 normal 
NaOH. Carbon dioxide was determined by precipitating the car- 
bonate with BaCl, and titrating the excess of NaOH. 

The air currents were drawn through the units at a fairly rapid rate 
for four hours each day. The determinations were made at labora- 
tory temperatures, these being recorded on athermograph. Although 
these temperatures fluctuated to a considerable extent, they do not 
introduce a variable factor into the comparative data obtained, since 
all the determinations of any given comparison were obtained at the 
same time and at the same temperature. 

During the period in which respiration determinations were being 
made, duplicate samples of the same lots of apples were held in the 
same room to determine the loss in weight and moisture. These 
were stored unwrapped in open-top paper bags. 


EFFECT OF BRUSHING AND WASHING ON RESPIRATION RATES 
AND LOSS IN WEIGHT 


The first experiments were made to determine the effect of dry 
brushing upon the respiratory rate of the fruit. A rotating spiral- 
brush type of machine was used on Winesap apples that had been in 
cellar storage for about three and a half months. The rate of carbon 
dioxide evolution during the first six days after brushing was some- 
what increased by this treatment, as is shown in Table 1. Where the 
dry brushing was preceded by an acid- -spray treatment the respiration 
rate was 22 per cent greater than that of the untreated fruit. 


TasLe 1.—Respiration rates and loss in weight of dry-brushed and of acid-washed 


dry-brushed Winesap apples taken from cellar storage; experiments begun January 
10, 1927 ¢ 


Carbon dioxide per 100 gm. of fruit Increase | _— 
Treatment $e over UD- | weight in 
treated | 14 days 
Jan.12 | Jan. 14 | Jan. 16 Total fruit | 


Dry brushed 

Sprayed with hydrochloric acid and dry 
Dt jbasessantebieebbegeindoandinan 5. 5. 46 6.19 17.13 

Untreated b . 2 5. 22 14. 04 


Mgm. Mgm. Per cent | Per cent 
6. 20 5.74 12.10 5. 04 








@ The data are the average of duplicate determinations. 


Two months after the first group of experiments was begun some 
of the same lots of fruit were treated with 2 per cent solutions of 
hydrochloric acid and sodium hydroxide at 25° C. for 10 minutes 
with constant mild agitation but without brushing or wiping. The 
respiratory rate for the first six days after treatment was slightly 
less than that of the untreated fruit. (Table 2.) 
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TABLE 2.—Respiration rates and loss in weight of Winesap apples taken from 
cellar storage and treated with sodium hydroxide or with hydrochloric acid; experi- 
ments begun March 11, 1926 + 


Carbon dioxide per 100 gm. of fruit | 
? me S : Decrease | Loss in 


IRR 





on } over un-| weight, 
‘ Treatment | } treated | Mar. 11 
¥ | Mar. 13 | Mar.15 | Mar.17 | Total fruit to 18 
i | 
Mgm. Mgm. Mgm. Mgm. Per cent | Per cent 
2 per cent sodium hydroxide. -..-.-..-- 10. 55 7.02 6. 60 24.17 2.18 4.12 
2 per cent hydrochloric acid by weight - = 10. 23 6. 89 5. 99 23. 11 6. 52 3. 07 
eee ene 10. 82 7. 21 6. 68 | eee 3. 31 
« The data are the average of duplicate Ateetietiein: 
; 
F During the first seven days after treatment the loss in weight of 


fruit treated with hydrochloric acid was practically the same as that 
of the untreated fruit (Table 2), but there was a considerably in- 





4 creased loss where sodium hydroxide was used. In the previous 
q work with fruit from this lot it may be noted (Table 1) that dry 
brushing caused weight to be lost at a much increased rate and that 
P an additional treatment with an acid spray caused but little further 
7 loss. An acid treatment without brushing or wiping likewise failed 
4 to produce an appreciable effect on the rate of loss. (Table 2.) 


Robinson and Hartman ® also found that an acid-bath treatment 
had little effect on loss of weight as compared with the loss from 
wiping or brushing, which apparently disturbs and removes some of 
the protective wax coating. Heald, Neller, and Overley have shown, 
however,‘ that a brushing treatment which causes a rapidly increased 
loss of weight at laboratory or room storage has practically no effect 
on loss of weight when the fruit is held in cold storage at 32° to 33° C. 


EFFECT OF OILING ON RESPIRATION RATES, LOSS IN WEIGHT, 
AND MOISTURE CONTENT 


A considerable portion of the northwestern apple crop is prepared 
for storage and marketing by being coated with a thin film of oil 
after it has been cleaned by dry brushing or with a solution containing 
sodium hydroxide. In the process followed in these experiments the 
oil used was a highly refined, highly viscous mineral grade and was 
mixed with paraffin wax. It was warmed sufficiently to dissolve the 
paraffin and was spread over the surface of the apples by means of 
revolving brushes. 

| On November 1 some newly harvested Winesap apples that had 
; been dry brushed and oiled were put in cold storage, together with 
3 some of the same lot that had been dry brushed but not oiled. At 
the same time untreated fruit was also stored. Four months later 
samples were brought to the laboratory for respiration determinations. 
The results show that whereas the respiratory rates of the brushed 


‘ and untreated fruits were practically the same, they were both over 
e 40 per cent higher than that of the oiled fruit. (Table 3.) In 1924 
: Magness and Diehl reported * data on the respiration of Winesap 
y 5 ROBINSON, R. H., and HARTMAN, H. A PROGRESS REPORT ON THE mena OF SPRAY RESIDUE saen 


APPLES AND PEARS. Oreg. Agr. Expt. Sta. Bul. 226, 46 p., illus. 1927. 

* HEALD, F. D., NELLER, J. R., OVERLEY, F. L., and Dana, H.J. Op. cit. 

’ Maeness, J. R., and DigHL, H. C. PHYSIOLOGICAL STUDIES ON APPLES IN STORAGE. Jour. Agr. 
Research 27: 1-38, illus. 1924, 
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apples which showed that when they were coated with mineral oil 
and with paraffin the evolution of carbon dioxide was reduced by 
about 40 per cent. Their results were similar to those of Table 3 and 
were obtained at approximately the same temperature as the present 
writer used. Magness and Diehl also made a study of the CO,-O, 
respiratory ratio and found that there was little anaerobic respiration 
in apples thinly coated with oil and stored at a temperature of 18° C. 
or lower. At 26°, however, there was considerable anaerobic respira- 
tion, with a consequent development of poor flavor. It was pointed 
out that this tendency became more pronounced as the thickness of 
the oil coating was increased. 


TABLE 3.—Respiration rates, water content, and loss in weight of brushed and of 
oil-coated Winesap apples after four months in cold storage; experiments begun 
February 28, 1927 ¢ 


Carbon dioxide per 100 grams of fruit Increase | Water Loss in 
Treatment over oiled) content | weight 


Mar.2 | Mar.4 | Mar.6 | Total | ‘uit | Mar. 22 | Mar. 1-22 


Mgm. Mgm. Mgm. Mgm. Per cent | Per cent | Per cent 
Brushed e 11.61 9. 60 7.00 28. 21 44.8 84. 23 | 4.83 
Oil coated - 7. 52 6. 42 5. 54 19.48 |.._. 84. 05 4. 51 
Untreated 11.10 8. 50 . 68 27.28 40. 1 84. 00 } 5, 20 


Oo. ae 
« The data are the average of duplicate determinations. 


Loss-in-weight determinations showed that the unoiled fruits of 
Table 3 lost weight but little faster than the oiled fruits. The mois- 
ture content of the brushed, oiled, and untreated fruits was about 
the same. Figure 1 shows the air temperature and relative humidity 
that prevailed during the progress of the above experiment. 

On June 22, or after nearly eight months of cold storage, other 
samples from the same lots of Winesap apples were subjected to 
respiratory measurements. The unoiled apples continued to respire 
at a faster rate than the oiled, although to a lesser extent. The 
increases amounted to 16.8 and 18.3 per cent, respectively, for the 
brushed and untreated lots. (Table 4.) 


TABLE 4.—Respiration rates of brushed and of oil-coated Winesap apples after 
eight months in cold storage; experiments begun June 20, 1927 


Carbon dioxide per 100 grams 
of fruit Increase 
Treatment over oiled 
fruit 
June 22 | June 24 Total 


Mgm. Mgm. Mgm. | Per cent 
Brushed " ; _ no 12. 00 12. 30 24. 30 | 16.8 
Oil coated _. : 4 : ‘ See E SS ime : : 11. 24 . 56 / of Seer 
Untreated ___-_. » . 12. 24 12. 37 24.61 | 18.3 





¢ The data are the average of duplicate determinations. Water content and loss in weight were not 
determined. 

The process of brushing without oiling had little effect upon the 
respiration of these stored Winesap apples, as the brushed fruit 
respired slightly faster after four months and slightly slower after 
eight months of cold storage. (Tables 3 and 4.) Brushing had 
likewise little effect upon losses of moisture and of weight. 
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Samples of Delicious apples were prepared for storage in the same 
manner as were the Winesaps and they were kept in the same cold- 
storage room. As seen in Table 5, oil had a similar retarding effect 
upon respiration. This retardation amounted to 33.4 and 46.7 per 
cent, respectively, of the CO, evolution from the brushed and un- 
treated lots. There was but little difference in the loss in weight of the 
different lots, but the moisture content of the oiled fruit was slightly 


higher. 
MARCH 1, 1927 
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JUNE 21, 1927 





Fiac. 1.—Temperature in degrees Fahrenheit and percentage of relative humidity 
that prevailed during respiration determinations of Winesap apples. A refers 
to the data in Table 3; B, to the data in Table 6 


TABLE 5.—Respiration rates, moisture content, and loss in weight of brushed and 
of otl-coated Delicious apples after four months in cold storage; experiments begun 
February 21, 1927 





| 
Carbon dioxide per 100 grams of fruit i . 

: . Increase bee hog Moisture 
Treatment - over oiled) }r.,")’ | content, 


Feb. 23 | Feb. 25 | Feb.27| Total | ‘it | Mar 15 | Mar. 15 
| 


Mgm. | Mgm. 
Brushed__- ae ae 15.1 19. 2 7. 83. 59 
Oil coated _ - “ies siledatiies 12.2 | 14.4 12.0 38. 6 4. 87 84. 54 
Untreated ___ ‘ a 17.0 | 20.1 19.5 56. 6 q a 83.77 


Mgm. Mgm. Per cent | Per cent | Per cent 
17 51.5 33. 4 5. 04 





* The data are the average of duplicate determinations. 
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The respiratory rates of the Delicious apples were again determined 
after a period of eight months in cold storage. At that time (Table 6) 
the untreated fruit respired 43.28 per cent more carbon dioxide than 
the oil-coated fruit. Figure 2 gives the air-temperature and relative 
humidity record for the time during which the respiration and loss of 
weight determinations with Delicious apples were in progress. 
Although the fluctuations in temperature and humidity were con- 
siderable, they were the same for the compared treatments as given 


in the above discussion. 
FEBRUARY 22, 1927 
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THURSDAY 


Fic. 2.—Temperature in degrees Fahrenheit and percentage of relative humidity that 
prevailed during respiration determinations of Delicious apples. A refers to the data 
in Table 5; B, to the data in Table 6 


TaBLe 6.—Respiration rates and loss in weight of oil-coated Delicious apples after 
eight months in cold storage; experiments begun June 7, 1927 





Carbon dioxide per 100 grams 

of fruit Increase 
over 
oiled 
fruit 


Loss in 

weight, 

June 6- 
21 


Treatment 


| 
| 
} 
| 
| 
| 


June9 June 12 Total 


Mgm. Mgm. Mgm. Per cent | Per cent 
Te ee SL AE 9. 95 12. 46 22. 41 sc laa 4. 73 
ESTEE TES OES Ee ae NE 14. 23 17. 87 32. 10 43. 28 | 5. 


* The data are the average of triplicate determinations. Water content not determined. 
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Dry brushing without oil coating slowed up the respiratory rate of 
Delicious apples as measured after four months of cold storage. 
(Table 5.) The data of Table 1 show a slight increase in the rate of 
respiration of Winesap apples as measured immediately after brushing. 
It is possible that the brushing process accelerated the respiration 
rate of the Delicious apples at first, resulting in less metabolic reserve 
when the respiration rates were determined four months later. 

As shown in Tables 3 and 4, the effect of oiling was less apparent on 
the Winesap apples held eight months in cold storage than on those 
held four months. After eight months in storage the Winesap apples 
appeared very waxy, especially after warming up to room tem- 
peratures. This wax may have served to check respiration in much 
the same way as did the oil. The respiratory rate of the unoiled 
Delicious apples after eight months continued to be as much in excess 
of the oiled fruit as it was after four months of cold storage. The 


Delicious apples, of course, did not become nearly so waxy as the 
Winesap apples. 


EFFECT OF OILING ON QUALITY OF FRUIT 


It has been shown that coating apples with a film of oil causes a 
marked reduction in the respiratory rate of the fruit even after eight 
months of cold storage. The practice of oiling is employed when the 
fruit has been brushed or cleaned in an alkaline solution, the object 
being to give the fruit an oil-film protection equal or superior to the 
natural waxy protective coating of the untreated fruit. Since the 
experiments show that this cleaning and oil-coating process causes 
the respiration rate of the fruit to be considerably lowered, the 
question arises as to the effect of this practice upon the keeping and 
dessert quality of the fruit. 

A comparison of apples by tasting or eating did not reveal any 
significant difference in dessert quality between treated and untreated 
fruit kept in storage for different lengths of time. When waxy apples 
like the Winesap variety, are brought to room temperature after a 
long period in cold storage, the excessive development of wax often 
makes it difficult to differentiate between the oiled and unoiled 
fruit even by visual examination. In most cases, however, the oil- 
coated fruit is easily recognized by its decreased luster and increased 
waxiness. 

The oil-coated Delicious fruits could easily be distinguished from 
the unoiled, and the flavor was also slightly different. This change 
in flavor could not be declared either beneficial or detrimental. 


DISCUSSION 


In general, the experiments here reported have shown that the 
oil-coated fruit loses weight and shrinks somewhat less rapidly than 
the unoiled when brought into room or marketing temperature after 
long periods of cold storage. Since the oil-coated fruit also has a 
greater reserve of metabolic activity, as shown by respiration meas- 
urements, it is quite apparent that the practice of oil coating has a 
tendency to wth 21s the keeping quality of the fruit. In the fruit 
under test the dessert quality was neither noticeably benefited nor 
harmed. This fact indicates that the coating of oil as applied in 
these experiments was not sufficiently heavy to induce anaerobic 
respiration with its accompanying unpleasant flavors. 
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SUMMARY 


Winesap and Delicious apples grown in an irrigated section of 
eastern Washington were placed in cold storage immediately after 
harvesting and cleaning. The cleaning methods used were (1) dry 
brushing, (2) dry brushing and oil coating, and (3) mild agitation 
in dilute hydrochloric acid without brushing or wiping. When the 
fruit to be tested had remained in cold storage for a certain time 
the rates of respiration and losses of moisture and of weight were 
determined at room or marketing temperature. 

After four months in cold storage untreated Winesap apples 
respired CO, at a rate over 40 per cent faster than dry-brushed, 
oil-coated fruit. After eight months in cold storage the unoiled 
Winesap apples respired about 17 per cent faster. 

Untreated Delicious apples respired about 46 per cent faster than 
the brushed, oil-coated lot after four months, and about 43 per cent 
faster after eight months in cold storage. 

When exposed to room or marketing temperatures of about 20° C. 
and relative humidities of about 30 per cent of the maximum, the 
unoiled Delicious and Winesap apples lost weight at a moderately 
faster rate than the oil-coated fruit. The moisture content of the 
untreated was only slightly lower than that of the oil-treated apples. 

A film of oil of the character and thickness used in the process 
employed in these experiments caused no significant difference in the 
dessert quality of the fruit after as much as eight months of cold 
storage. The oil coating tended to reduce the rate of shriveling and 
softening when the fruit was exposed to room or marketing tempera- 
tures. 

Dipping in 2 per cent by weight of hydrochloric acid at 20° C. 
with mild agitation for 10 minutes had little effect upon the subse- 
quent rates of either CO, respiration or loss in weight of Winesap 
apples. Dipping in 2 per cent sodium hydroxide under the same 
conditions affected respiration slightly and increased the rate of loss 
in weight. 

The use of hydrochloric acid under the above conditions, except 
that contact was made with the fruit by means of jet sprays, resulted 
in unchanged rates of respiration and in no change in rate of loss in 
weight. 

Brushing the fruit in either the dry or the wet cleaning process 
caused the respiration rate to be greater, and markedly increased 
the rate of loss in weight when the fruit was exposed to marketing 
temperatures immediately after the brushing treatments. When the 
fruit was held in cold storage for several weeks, beginning immedi- 
a - ed a brushing treatment, this effect of brushing became less 
marked. 
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CORRELATED STUDIES IN OATS OF THE INHERITANCE 
OF REACTION TO STEM RUST AND SMUTS AND OF 
OTHER DIFFERENTIAL CHARACTERS! 


By H. K. Hayes, Head of Section of Plant Genetics; Frep GrirrEE, formerly 
“Assistant Plant Breeder; F. J. SteEvENSON, Assistant Plant Geneticist; and A. 
P. LuNDEN, formerly graduate student, Division of Farm Management, Agron- 
omy, and Plant Genetics, Minnesota Agricultural Experiment Station 


INTRODUCTION 


Stem rust caused by Puccinia graminis avenae Erikss. and Henn., 
and the smuts, Ustilago avenae (Pers.) Jens. and U. levis (K. & S.) 
Magn., are among the most destructive parasites of oats. Certain 
varieties of oats are resistant commonly to stem rust and others 
are immune from or resistant to the smuts. Stakman and others 
(14) ? with stem rust and Reed (12) with the smuts have observed 
physiologic specialization. This complicates the problem of breeding 
resistant varieties, since it is difficult to control the physiologic 
forms of the disease under field conditions. 

The stem-rust resistant parents used in these studies were segre- 
gates from crosses of White Russian with Minota or Victory. The 
White Russian variety has proved highly resistant to stem rust in 
the United States, and the rust-resistant segregates used as parents 
have been highly resistant at University Farm, St. Paul, Minn., for 
several years. They are resistant, therefore, to any or all forms of 
oat stem rust so far present in this locality. Black Mesdag was 
found by Reed (11) to be immune from attacks of both loose and 
covered smuts of oats, while Reed and Stanton (13) believed that 
resistance to both forms was dependent upon the same genetic 
factors. In the studies here reported no attempt has been made to 
use single physiologic forms of stem rust, and both loose and covered 
smuts have been present. 

The purpose of the present paper is to present a study of the 
inheritance of reaction to stem rust and smuts in relation to other 
differential characters of the parents, more especially black versus 
nonblack glumes, presence of many or few hairs on the rachilla which 
supports the second kernel of the spikelet, and differences in awn 
development. 


PREVIOUS STUDIES OF INHERITANCE 


Stakman, Levine, and Bailey (14) have demonstrated instances of 
physiological specialization for stem rust of oats, Puccinia graminis 
avenae EK. and H. Garber (5) and Griffee (6) obtained a segregation 
in F, of 3 resistant, 1 susceptible, using stem-rust inoculum collected 
in Minnesota. Later generations could be explained also on a single- 
factor pair basis. In these studies White Russian was used as the 
resistant parent. 
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Reed (12) observed physiological specialization in the smuts, 
although certain varieties appeared resistant to all races of smuts 
which he used. Black Mesdag proved immune from both covered 
smut, Ustilago levis, and loose smut, U. avenae. 

Studies of reaction to smut in oats have demonstrated that immu- 
nity, resistance, and susceptibility are inherited characters. The 
difficulty of obtaining a heavy epidemic has made it impossible to 
determine the number and nature of the genetic factors involved 
without the use of more detailed studies than have been made so far. 
Wakabayashi (1/5) studied crosses of Red Rustproof, which is immune 
from covered smut, with Black Tartarian, which is susceptible. 
Immunity was dominant and several genetic factors were believed 
to be involved. Gaines (4) obtained similar results. Barney (1) 
suggested that reaction to loose smut in three different crosses could 
be explained upon a monohybrid, dihybrid, and trihybrid basis, 
respectively. The data presented, however, were not sufficient to 
prove the hypothesis. Reed and Stanton (13) in crosses of Fulghum, 
which is resistant to both loose and covered smut, with Swedish 
Select, which is susceptible, presented evidence to indicate that 
resistance to both forms was dependent upon the same genetic 
factors. Apparently both resistance and immunity are dominant 
over susceptibility. No cases of close linkage of the genetic factors 
which condition reaction to either stem rust or smuts and other 
differential characters have been reported. 

Differences in awn development have been studied by numerous 
workers. Fraser (3) explained results which he obtained in crosses 
of Sixty Day and Burt on the basis of a single-factor pair for awning. 
His results agreed with those of Nilsson-Ehle (/0) and Love and 
Craig (9), which indicate that the gene for yellow color of the glume 
inhibits awn development. Coffman, Parker, and Quisenberry (2) 
have reviewed most of the literature regarding the inheritance of 
weak and strong awns. In general, weak awns have proved dominant 
to strong awns and most of the results have been explained on a 
single main pair of genetic factors. Minor modifying factors are 
involved in some crosses, and environmental conditions may greatly 
modify the production of awns. 

Black glumes have proved dominant or epistatic to other colors (8). 
In most cases black versus white have proved to be dependent upon 
a single-factor pair. 


MATERIALS AND METHODS 


The cultures used in these studies consisted of several apparently 
homozygous selections from crosses of Minota x White Russian or 
Victory X White Russian; Black Mesdag and F, to F; crosses between 
Black Mesdag and homozygous rust-resistant segregates from the 
White Russian crosses. Two of three strains used in the crosses 
with Black Mesdag have not been named. These are Minota X 
White Russian, Nursery Series Nos. II-18-37 and II-18-4. The 
Victory X White Russian selection, II—18-2, which was crossed with 
Black Mesdag, has been named “Anthony” and has been approved 
for distribution as the most promising stem-rust-resistant variety 
obtained so far. These three rust-resistant selections were obtained 
from the lines studied for reaction to rust by Garber (5) and by 
Griffee (6). 
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The crosses between selections II-18-2 and II-18-4 and Black 
Mesdag were studied primarily only for glume color and rust reaction, 
although a considerable number of lines with white glumes were 
studied for smut reaction as well. 

The most intensive study of inheritance was made with the cross 
between the selection 1I—-18—37 of the White Russian X Minota cross, 
and Black Mesdag. This selection produced open panicles, white 
glumes, none to a few weakly developed awns, and none to a few 
hairs on the pedicel or rachilla which is attached to the first or primary 
kernel of the spikelet and which supports the second kernel of the 
spikelet. 

The Black Mesdag line was obtained from an oat classification 
nursery, the seed for which was obtained from Etheridge about 1920. 
At this time it was a pure-line selection. It has not been pedigreed 
recently and, except as mentioned later, appears homozygous. In 
contrast to the White Russian-Minota selection, it is susceptible to 
stem rust, immune from smut, produces black glumes, many strongly 
developed, geniculate awns, and many hairs on the rachilla of the 
second kernel of the spikelet. One plant of the 20 which were 
studied in 1923 deviated somewhat from the others. It was lacking 
in hairs on the rachilla, and the awns were more weakly developed 
than those of the other plants. It could have been obtained from a 
natural cross, and occasional natural crosses do occur in oats at 
University Farm, St. Paul (7). Such natural crosses are not frequent 
enough to seriously modify the ratios obtained in genetic experiments. 
They could explain an occasional aberrant type. 

The studies of rust reaction were made by spraying the F; field 
cultures in 1923 with spore suspensions of stem rust, Puccinia 
graminis avenae, collected at University Farm, St. Paul, and cultured 
in the greenhouse. An unusually heavy infection was obtained in 
1923 and separations into resistant and susceptible plants were made 
easily. Resistance is completely dominant over susceptibility. 
Resistant plants were tested further by growing cultures in the 
greenhouse from the plants which were resistant in the field and 
inoculating approximately 30 seedlings of each with cultures of 
stem rust. 

Studies on reaction to smut were made by using smut material 
collected at University Farm, St. Paul. No attempt was made to 
control the type of smut used and both Ustilago avenae and U. levis 
undoubtedly were present. An examination of the material used as 
inoculum was made in 1925 and 1926. The percentage of smooth 
spores was approximately the same as that of echinulated spores, 
indicating that nearly equal amounts of covered and loose smut 
were used. While it would have been more desirable in certain ways 
to have made separate studies of these two smuts, the Black Mesdag 
parent was immune from both, and as a rule most oat varieties 
have reacted in a similar manner to both smuts (1/1, 12). Reed and 
Stanton (13) in crosses of Fulghum with Swedish Select studied 
separately the reaction of F; to F; families to U. avenae and U. levis 
and concluded that the same genetic factors were responsible for 
reaction to both forms of smut. 

Studies of reaction to smut are somewhat difficult as complete 
infection is seldom if ever obtained, and if it were obtained other 
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characters could not be studied at the same time. It seemed most 
important in these investigations to determine the proportionate 
number of immune lines without carefully studying the differences 
in degree of susceptibility in the susceptible and resistant lines. 
Individual F, plants were studied for rust reaction, pubescence on 
rachilla, and awn development. Random selections of approximately 
equal numbers of F, plants were selected in each of the four groups— 
black glumes resistant to rust, black susceptible, white resistant, 
white susceptible. Each such F; plant became the parent of an F; 
line. Twelve-foot rows were grown in F; and sown at the rate of 75 
seeds per row. The seed was smutted by mixing an even teaspoonful 
of smut spores with the grain in each envelope. The glumes were 
not removed from the kernels, as it seemed more desirable to use 
large numbers and test the immune lines for several years than to 
obtain more refined data on the susceptible lines. Lines which 
were susceptible in F; were not tested again. All immune lines in 
F; were again tested in F,. Such lines were harvested in bulk in 
F;, and 2 gm. of seed mixed with smut spores were used for each 
F, row. All immune lines in F, were again studied in F;. 

The F, plants from which the F, material originated were grown 
near Washington, D. C., in a greenhouse of the United States De- 
partment of Agriculture, and only the threshed grains were available; 
consequently, no data were taken on this F;. The Washington green- 
house material was grown and harvested under the direction of 
T. R. Stanton, agronomist in charge of oat investigations of the 
Office of Cereal Crops and Diseases. Stanton’s cooperation made 
possible the saving of a crop season by growing the F,; the same 
year that the cross was made. Several F, plants were grown at 
University Farm, St. Paul, the same season as the F;. The F, and 
F, were practically free from smuts. 

Correlated studies of reaction to rust and smut and color of glume, 
awn development, and pubescence on rachilla of the second kernel 
of the spikelet were made by correlating the differential characters 
of the F, plants with the F, and F; reaction to rust and the classifica- 
tion of smut reaction based upon the F; to F; data. 


INHERITANCE OF DIFFERENTIAL CHARACTERS 


The mode of inheritance of the differential characters, black versus 
white grain color, stem-rust resistance versus susceptibility, smut 
reaction weak versus strong awns, and few versus many hairs on the 
rachilla will be discussed, and following this a study of linkage or 
correlation of the characters will be made. 


COLOR OF GLUMES 


The F, glumes were brownish black, a little lighter in color than the 
black parent and shading over to a light brownish color, depending 
apparently on the degree of maturity. There is some variation in 
a homozygous black variety, however, and no reliable differentiation 
into homozygous and heterozygous black glumed plants seems to be 
possible. 

The results obtained in the first group of experiments are given in 
Table 1. The color of kernel was found to be dependent on a single- 
factor difference in these crosses, the results approximating a 3 : 1 
ratio, 
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TaBLE 1.—Number of black and white glumed planis in F, from crosses between 
Black Mesdag and three white-glumed strains 


| 
Number Number 





observed | calculated Total 
dilatatennihie satatipecntapen| SET aad Prob- | Devi- 
Cross | ber of able | ation/ 


Black- | White-| Black- | White- individ-| 8°" | error | P. E. 
glumed glumed) glumed| glumed_ uals 
plants | plants | plants | plants 





(White Russian X Victory) II-18-2x | 





EE SS 6 ginsiecanauncauune 635 199 | 625.5 208. 5 834 9.5 | +8. 43 1,13 
(MinotaX White Russian) II-18-37X } } 

fl er 2,907 | 1,028 |2,951.2| 983.8 3,935 44.2 +18, 33 2. 41 
(MinotaX White Russian) 11-184 x | 

TE SE winwncecncunnduencace 1, 069 352 |1,065.7 | 355.3 1,421 3.3 +10. 98 | -30 





i wittiennceasicntntnnninntene 4,611 | 1,579 |4, 642. 5 1,547.5 6,190 31.5 |+22. 98 | 1,37 


The greatest deviation of observed from expected numbers in 
a single F, group of crosses is 2.41 times the probable error, and for 
all F; plants the deviation is 1.37 times the probable error. 

There were found occasionally a few small and unripe plants and 
their color was somewhat doubtful. This may have caused slight 
errors in the classification, but as a whole the two characters pig- 
mented and nonpigmented glumes are easily distinguished and the 
results are in good agreement with expectation. 


RESISTANCE TO STEM RUST 


The resistance of the hybrid strains used as parents in the crosses 
here concerned originated from White Russian by the selection of 
homozygous resistant plants from crosses of a strain of this variety 
with Victory or Minota. 

It appeared probable that also in the present crosses resistance 
might prove to be dominant and dependent on a single differential 
factor, as has been found in previous studies in which White Russian 
was one of the parents (5, 6). But there was, of course, a possibility 
that Black Mesdag differed from the varieties Victory and Minota in 
one or more factors, fundamental for development of resistance. 

The data obtained from the F, generation of crosses between 
Black Mesdag and the resistant strains mentioned are given in 
Table 2. Results are quite similar for the three crosses, and the 
segregation approximates a 3:1 or monohybrid ratio. The greatest 
deviation was 1.52 times the probable error for a single group and 
1.15 times the probable error for the total number of individuals. 


TABLE 2.—Number of resistant and susceptible plants in F, from crosses between 
Black Mesdag and three white-glumed rust-resistant strains 























Number Number | Total 
| observed calculated um- | ev; | Prob- | Devi- 
Cross a  -e ter of otien able | ation/ 
Resist- | Suscep-| Resist- | Suscep- individ- a error | P. E. 
ant | tible | ant | tible | uals 
plants | plants | plants | plants 
(White RussianX Victory) II-18-2x | | | 
fT Rae 625 209 625. 5 208. 5 834 0.5 8. 43 0. 06 
(MinotaX White Russian) II-18-37x | 
I 2, 942 | 993 2,951.3 983. 7 3, 935 9.3 18. 33 - 51 
MinotaXWhite Russian) Il-184x } | 
ee 1, 049 372 |1, 065.7 | 355.3 | 1,421 16.7 10. 98 1. 52 
SEE TE ---, 4,616 | 1,574 |4, 642.5 [1,547.5 | 6,190 | 26.5 | 22.98 1.15 
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Practically all the white resistant plants were tested in the green- 
house during the fall of 1923 for rust reaction. From each F, plant 
which was tested, 20 to 25 seeds were planted in 4-inch pots. The 
seedlings were inoculated by spraying the plants with a fine spray 
of water and brushing the pt lightly with rusted plants of the 
susceptible variety Victory (6). 

The rust used was transferred to the susceptible seedlings in the 
greenhouse from rusted plants grown in the oat nursery. The chief 
aim of the greenhouse work was to determine which F, plants were 
homozygous for rust resistance, and therefore no very accurate data 
on number of resistant and susceptible seedlings were taken. The 
plants were counted in an early stage before the rust was very well 
developed. All pots which showed a few susceptible seedlings were 
thrown away immediately after the data were taken, while the pots 
having only resistant seedlings were kept for a longer time. As a 
rule, however, the plants could be classified fairly accurately about 
eight days after inoculation. The results from 705 segregating F, 
families were 10,575 resistant: 3,378 susceptible plants. The devia- 
tion from a 3:1 ratio on the basis of numbers was 110, and the 
probable error was 34.5 individuals. Deviation P. E.=3.188. 
When the above-mentioned facts are taken into consideration, the 
results are in fairly good agreement with expectation, and they give 
additional evidence in support of the theory of a single-factor differ- 
ence between the resistant and susceptible parents. On the same 
factor basis, a 2:1 ratio of heterozygous resistant to homozygous 
resistant F, plants is expected. The actual results obtained are 
given in Table 3. The deviation of obtained from expected results 
is 1.9 times the probable error. The greatest deviation was in the 
first group of crosses (White Russian x Victory) Il—18-2 x Black 
Mesdag, but in this case the deviation is only 2.24 times the probable 
error. A deviation as great as this is expected to occur on the basis 
of random sample once in every six or seven trials. 


TABLE 3.—Number of homozygous and heterozygous F, plants in the group white 
resistant from crosses between Black Mesdag and three white rust-resistant strains 


‘ |; 

Number ob- Number cal- } | 
served culated Total | 

| > _ rig. 

; |number| Devia- | _ oo) 

Homo- | Hetero-| Homo- | Hetero-| es es tion | error | P. E. 
zygous | zygous | zygous | zygous — 

plants | plants | plants | plants | 


Black Mesdag- 5 81 | 
(MinotaX White Russian) II-18-37 


| 
| 
(White RussianXVictory) II-18-2x | 
| 


Black Mesdag.........-..--------- 468 | 235.3| 470.7| 706 
(MinotaX White Russian) II-184x< | 
Ry SDs vnuesncevetitebannewe 91 156 82.3 164.7 247 8. 


44.7| 89.3} 134| 83] 
& 





OS ae / 382 | 705 | 362.3 | 724.7] 1,087] 19. 
| 





The reliability of the classification for rust resistance is of interest. 
There was quite a heavy rust epidemic in the oat nursery, which 
undoubtedly made it comparatively easy to classify the plants. Of 
about 1,090 plants, classified as white-seeded rust-resistant, which 
were tested in the F; generation, there were 5 plants which, by later 
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test, were found to be homozygous for susceptibility. As these 
5 constitute less than 0.5 per cent of the total number tested, it will 
be seen that the character rust resistance can be considered just as 
dependable as any other plant character. About 120 white-seeded 
susceptible F, plants were tested in the greenhouse. Of these, 3 were 
without much doubt classified wrongly, as they segregated for rust 
resistance. 
NUMBER OF HAIRS ON RACHILLA 


For each parent, as well as each hybrid plant, six spikelets were 
used in the determination of hairiness. Two spikelets from the lower 
middle and upper part of the main panicle of each plant were studied. 
The hairs were counted under a binocular. Counts could be made 
accurately when a few or a medium number of hairs were present, 
but when the number was as high as 20 accurate counts were difficult. 
The average number of hairs on the rachilla which supports the second 
kernel of the spikelet was determined by obtaining an average for 
the six counts made from the panicle selected to represent each 
individual plant. 

The results obtained are for random selections of F, parent plants 
within the four groups, black glumes resistant to stem rust, black 
susceptible, white resistant, and white susceptible. The parents, 
F, and F, generations were grown in 1923. The data obtained are 
given in Table 4. 


TaBLE 4.—Average number of hairs on rachilla in Black Mesdag, rust-resistant 
selections, and F; and F, crosses of Black Mesdag with three rust-resistant 
selections 


Number of plants in groups based on 
number of hairs on rachilla 
Parents or crosses 


| | 
16-23 | 24-31 | 32-39 


Black Mesdag 

White Russian X Victory Il-18-2 
II-18-2X Black Mesdag F;-.- 
Black rust resistant F2_..- 
Black rust susceptible F2- 
White resistant Fz 

White susceptible F2 


White Russian X Minota II-18-37 
II-18-37X Black Mesdag F; 
Black resistant F2 

White susceptible F2 

White resistant F»2 

White susceptible F:2 





White Russian X Minota II-18-4 
II-184X Black Mesdag F; 
Black resistant F2 

Black susceptible F2 

White resistant F2 

White susceptible F» 





The segregation for color of glumes and rust reaction was on a 
single-factor basis in both cases. To obtain an accurate idea of the 
segregation for hairs on the rachilla, it was necessary to determine 
whether there was a linkage between rust reaction or glume color 
and numbers of hairs on rachilla. In the blacks, the ratio of hair 
group 0-7 to the total numbers in the other groups was 2.5: 1, 
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while in the whites the ratio was 2 to 1. In the resistant and sus- 
ceptible groups similar ratios for numbers of individuals in group 
0-7 to the numbers in the remainder of the groups was 2.4 and 
2.3 : 1, respectively. 

The tendency of a correlation between high number of hairs on 
rachilla and black glume color makes a correction necessary before 
studying segregation for hairs on rachilla. Within each cross the 
data for the white segregates were calculated on the basis of a total 
of one-third as many white-glumed segregates as black. The segre- 
gation for hairs on the rachilla on this basis is presented in Table 5. 


TaBLE 5.—Segregation for hairs on rachilla on the basis of one-third as many 
white as black glumed segregates 


Number of plants in groups based on 
number of hairs on rachilla 
Color of glume 





8-15 | 16-23 | 24-31 | 32-39 | Total 


II-18-2< Black Mesdag F2 = d 62 35 
II-18-2X Black Mesdag F2 . Wh 5 18 s 
II-18-2X Black Mesdag F2 43 





II-18-37X Black Mesdag F2 10 
II-18-37X Black Mesdag F2 h | 2 
II-18-37X Black Mesdag F2 3 12 


II-18-4X Black Mesdag F2-- 39 
Il-18-4< Black Mesdag F2-- on ite ¥ 7 
II-18-4X Black Mesdag F2 7 46 





It is apparent from Table 4 that there is a dominance of few hairs 
over many. In the F, of cross of II-18—-2 Black Mesdag 1 plant 
out of 12 was in group 8-15. Accordingly, on a single-factor pair 
basis, one-twelfth of the F, plants in group 8-15 were considered to 
belong to the dominant group. In the cross JI—18-37 x Black 
Mesdag no F, plants were in group 8-15. In the F, of II-18-4x 
Black Mesdag, 2 out of 6 plants were placed in group 8-15. The 
classification was corrected on the basis of the breeding behavior of 
F,, and in the first cross one-twelfth of the plants in hair group 8-15 
were considered to be F, types and of low hair number, while one- 
third of the plants in group 8-15 of cross II-18-4x Black Mesdag 
were considered to be F; types. The classification after this correc- 
tion is as follows: 


Hair group Devia-| Proba- ; 

Cross on ble | Devia- 
| from error for | 

Few | Many 3:1 3:1 — 


II-18-2X Black Mesdag F>_-. a baa . ‘ 490 | 136 21 | 
II-18-37X Black Mesdag F2__._-.....__-. 4 s aned 513 76 | 7 
Il-18-4X Black Mesdag F2..___- 2 eet » ie 390 143 





Two of the crosses could be satisfactorily explained on the basis of 
one main factor pair with a dominance of few hairs over many hairs, 
while in the cross of II-18-37 x Black Mesdag the deviation from 
a 3:1 ratio is large. 
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To determine the genetic accuracy of the classification in F, 
several lines were grown in F, and studied for number of hairs on 
rachilla. The data for these F; lines are given in Table 6. 


TaBLE 6.—F; breeding behavior for hairs on rachilla of certain F2, plants in cross 
of II-18-37 X Black Mesdag 


. Number of plants in groups, based on number of 
Average hairs on rachilla 
number 


of hairs 
on parent 


Parent or F; cross 
| 
8-15 16-23 24-31 32-39 Above 





ee Mesdag. - neniehaiaaer — ; 10 
8-37 nee I Ritaaeares 


_ 


Pho 


- 


5 CD ono 2 

HK NWOWNM Dawn DHouwne= 
_ 

Ne nwaneor oO orto 

WOO Whe wo 


The White Russian-Minota selection II-18-37 again bred true for 
few hairs and Black Mesdag proved more variable than in the pre- 
ceding year, producing 8 out of 25 plants in the group 0-7. There 
was a general tendency for F; plants with few hairs to produce progeny 
with a low hair number, and F; plants with higher number of hairs 
on rachilla to produce progeny with a higher number. Some lines 
bred true for 0-7 hairs on the rachilla while some lines produced 
more hairs on the rachilla than the Black Mesdag parent. 


AWN DEVELOPMENT 


Inheritance of awn development was studied in a cross of Minota 

< White Russian IJ-18-37 with Black Mesdag. 

Black Mesdag has a rather strong awn on the lower grain in the 
spikelet, but lacks awns entirely on the second grain. 

The awn, as usually found on the first grain, is rather thick and long, 
with a dark basal portion which is twisted to the left from the base. 
This dark portion is brownish black and mostly uniform in color but 
is sometimes striped by light-colored bands. The twisting and color- 
ing extend usually about one-third of the whole length of the awns. 
The geniculation, or bending of the awns, seems to be caused directly 
by the twisting, which ceases suddenly at the bend. The degree of 
geniculation varies considerably from almost a right angle to a 
scarcely perceptible bend and seems to be proportionate to the degree 
of twisting and to the strength of the awn. There is much variation 
in the geniculation and strength of awns between different spikelets 
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and panicles on a single plant. The average percentage of awned 
spikelets in Black Mesdag was found to be 91.9, varying in 18 plants 
from 73.1 to 100 per cent. 

Strain II-18-37 produced an average percentage of 2.1 awned 
spikelets, as determined by an examination of 30 plants. Only 7 
of the 30 plants, however, produced any awns. 

The groups for awn development were differentiated on the basis 
of percentage of awned spikelets. They were placed in five groups 
on this basis—Group 1, 81-100 per cent (the awning percentage 
similar to Black Mesdag); Group 2, 61-80 per cent; Group 3, 41-60 
per cent; Group 4, 21 to 40 per cent; Group 5, 0-20 per cent (the 
awning percentage similar to White RussianxMinota II-18-37). 

The F, generation was intermediate both as to percentage and 
development of awns. Data on the parents and the F, and F, 
generations were compared. (See Table 7.) 


TABLE 7.—Inheritance of percentage of awned spikelets in a cross of Black Mesdag 
with a selection of White Russian X Minota II—18—37 





Number of plants in groups as indicated ¢ 
Parent or cross Pe oe | 
Group | Group | Group | Group | Group 
1 S i 2 4 5 


Black Mesdag . : 
tt EE A a a eee Ne: eye eee so egaheb- china ES -| 
Black MesdagXII-18-37 F; i 
Black Mesdag XII-18-37 F2 66 | 

| 


« The groups were classified according to percentage of awned spikelets as follows: Group 1=81-100 
per cent of spikelets awned; Group 2=61-80 per cent of spikelets awned; Gruop 3=41-60 per cent of spikelets 
awned; Group 4=21-40 per cent of spikelets awned; Group 5=0-20 per cent of spikelets awned. 





The F, was as variable as the F, and gave all classes for percentage 
of awned spikelets. There was a large difference between the develop- 
ment of awns of the F; and F;, which can be demonstrated by a 
er os on the basis of geniculation and percentage of awned 
spikelets. 

The classification of the parents and of the F, and F, generation 
is given in Table 8. 


TABLE 8.—Geniculation and percentage of awned spikelets in a cross of Black 
Mesdag with a selection of White Russian X Minota I I—18-37 


Number of plants in groups as indicated ¢ 


Parent or cross 


Group | Group Group Group | Group Group | Group 
ea se 3 4 5 . ) 





Black MesdagXII-18-37 F; 
Black Mesdag XII-18-37 F2._.......-...-.---- 


* The groups were classified as follows: Group 1=geniculate, 67-100 per cent of spikelets awned; Group 
2=geniculate, 34-66 per cent of spikelets awned; Group 3=geniculate, 1-33 per cent of spikelets awned; 
Cup 4=nongeniculate, 67-100 per cent of spikelets awned; Group 5=nongeniculate, 34-66 per cent of 
spikelets awned; Group 6=nongeniculate, 1-33 per cent of spikelets awned; Group 7=no spikelets awned. 
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Plants in Groups 1 to 3 contained geniculate awns, and the F, 
showed a dominance of nongeniculate over geniculate, with some 
variability in the percentage of awned spikelets. There was a ratio 
in the F, of 99 plants in Groups 1 to 3 to 279 with weak or no awns. 
Fifty-nine F, plants produced no awns on the spikelet examined. 

To determine the complexity of inheritance of the character, 
certain F, plants were selected and their F; progeny classified into 
seven groups for awn production, as in Table 9. It will be remem- 
bered that Groups 1 to 3 produce geniculate awns, Groups 4 to 6 
nongeniculate awns, and that Group 7 produced no awns. The 
results of this study are presented in Table 9. 

F, plants with 0 to few awns bred true or tended to breed true for 
this character in F;. Eighteen of the twenty-nine nongeniculate F, 
plants produced progeny with some geniculate plants in F;, although 
nongeniculate habit was produced in much greater numbers than 
geniculate. Of the F, geniculate plants which were tested by growing 
progeny in F;, only 2 out of 11 tended to breed relatively true for 
geniculation. These two bred relatively true also for heavy percent- 
age of awned spikelets. 


TaBLE 9.—Classification of F, plants and F3; progeny on the basis of number and 
geniculation of awns 


Number of plants in Fs; prog- Number of plants in Fs; Drog- 
eny in groups as indicated ¢ : eny in groups as indicated ¢ 
Classification of F2 haat Classification of F2 a 
parent plant (— 7 pane parent plant — - 


an 
12/3); 4/6|]6|7 


N, 55 per cent 
N, 58 per cent__-__- 
N, 60 per cent.__-. 





et 


Oe CON K WSNOKr IDs w-31NUoe 


tk 
— 


N, 3 per cent » 
N, 5 per cent.__..-- 


| 
- 
F 


N, 69 per cent___- 

N, 75 per cent__- 

N, 79 per cent__.- 

N, 85 per cent__--- 

N, 88 per cent__-.-_- 

G, 20 per cent »__- 
G, 31 per cent......)....!. 
G, 29 per cent._-...)-- 
G, 48 per cent__-_- 

G, 52 per cent 

G, 64 per cent__-__- 
G, 56 per cent 

= G, 68 per cent 

N, 48 per cent._...-|..-. G, 75 per cent 

N, 49 per cent G, 98 per cent 

N, 52 per cent y ‘ ---- || G, 100 per cent_..- 


N, 11 per cent... 
N, 17 per cent__---- 
N, 18 per cent 

N, 26 per cent 

N, 34 per cent____-- 
N, 40 per cent 

N, 41 per cent... __- 
N, 44 per cent___-- 
N, 46 per cent 


PWD DBNN OWN Were: 


* The groups were classified as follows: Group 1=geniculate, 67-100 per cent of spikelets awned; Group 
2=geniculate, 34-66 per cent of spikelets awned; Group 3=geniculate, 1-33 per cent of spikelets awned; 
Group 4=nongeniculate, 67-100 per cent of spikelets awned; Group 5=nongeniculate, 34-66 per cent of 
spikelets awned; Group 6=nongeniculate, 1-33 per cent of spikelets awned; Group 7, no spikelets awned. 

> N=nongeniculate; G=geniculate. 


The lack of agreement between F, condition for awns and F; 
breeding behavior indicates that environmental conditions probably 
exert a rather marked influence upon type. It would appear rela- 
tively easy, however, to obtain weak-awned types from such a cross, 
but the genetics of awn development appear to be a more difficult 
problem. Without doubt several genetic factors are involved. 
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SMUT REACTION IN CROSS OF OEE As xara) II-18-37 WITH BLACK 


Random selections of F, plants were made from the four groups— 
black, susceptible to stem rust; black, resistant to stem rust; white, 
susceptible; and white, resistant. Approximately 100 F; lines were 
grown from each group. The Minota-White Russian susceptible 
parent was grown about every 20 rows and the Black Mesdag only 
once. 

The grain was smutted before being sown. There was no infec- 
tion in Black Mesdag. The infection in the various lines, of which 
approximately 75 plants of each were grown, was determined by 
counting the number of infected plants and the number of panicles 
infected and noninfected in each. The percentage of infected plants 
was multiplied by the average percentage of infected panicles of the 
plants which gave some infection. The-lines which were not infected 
in F; in 1924 were harvested in bulk and tested in F,. If they were 
again free from smut they were grown again in F;. Lines with no 
infection were considered immune. 

The lines of the smut-susceptible parent gave the following per- 
centages of infection in 1924: 3.2; 4.6; 5.7; 6.4; 7.1; 7.9; 8.3; 8.4; 10.0; 
10.8; 11.2; 12.4; 13.4; 15.0; 17.1. Immunity to smut in oats is 
dominant to susceptibility. If the same factors are involved, the sus- 
ceptible F; lines should be infected as severely as the Minota X White 
Russian parent. If only a single-factor pair is involved, the heter- 
ozygous lines should be expected to contain one-fourth as much 
infection on an average as the susceptible parent. One-fourth of 
3.2 is 0.8, while one-fourth of 17.1 is 4.3, and one-fourth of 15.0 is 3.8. 
On this basis, on an average, 2 out of every 3 F; lines which are 
included in infection groups 3.2 to 4.3 should be heterozygous for 
smut and 1 should be homozygous for smut susceptibility. The 
separation in each group was made on this basis. 

The detailed separation of the F; hybrids with infection percentages 
between 3.2 and 4.3 is as follows: There were 11 F; lines in groups 
for smut infection 3.2-4.3 grown from F, plants classified as black 
susceptible to rust. These were classed as susceptible and heter- 
ozygous for smut reaction as follows: 

Four susceptible (S), with infection percentages 3.7; 4.0; 3.9; 4.3. 

Seven heterozygous (H1), with infection percentages 3.4; 3.2; 3.2; 
3.7; 3.3; 3.4; 3.7. 

Eight F; lines produced from F; black-glumed plants resistant to 
rust were placed in susceptible and heterozygous smut classes on 
the same basis: 

3 susceptible, with infection percentages 4.2; 4.1; 4.1. 
5 heterozygous, with infection percentages 3.5; 4.0; 3.5; 3.4; 3.4. 

Six F,; lines produced from F; white-glumed plants susceptible to 
rust were classed as follows: 

2 susceptible, with infection percentages 4.3; 4.0. 
4 heterozygous, with infection percentages 3.8; 3.6; 3.4; 3.9. 

Five F; lines produced from F, white-glumed plants, resistant to rust, 
were classified for smut as follows: 

2 susceptible, 4.1; 4.1. 
3 heterozygous, 3.4; 3.3; 4.0. 





Mar.1,1928 Inheritance of Reaction to Rust and Smut in Oats 449 


The classification of F, plants on the basis of F; to F; breeding 
behavior (Table 10) was made as follows: 


S=as susceptible in 1924 as II-18-37 MinotaX White Russian, percentage of 
infection 4.4 or more. 

H1=heterozygous in 1924 with one-fourth as much smut, on an average, as 
the smut-susceptible parent. (The 30 lines with infection percentages 3.2 to 
1.3 were distributed in these groups, 11 in S and the remainder in H1, as has 
been explained.) 

H2=0 infection in 1924, heterozygous with approximately one-fourth as much 
infection in 1925 as the susceptible parent. 

H3=heterozygous in 1924 with lower infection than 8 smutted panicles. 

H4=0 infection in 1924; about 10 panicles infected in 1925. 

R=0 in 1924, 1 to 4 panicles in 1925 or 1926. 

J =no infection in 1924 to 1926. 


TABLE 10.—Classification of the F; to Fs progeny of four groups of F, plants on the 
basis of smut reaction 


Number of plants in classes for smut reaction 
F; parent plant 
Hl | H2 | H3 | H4 R 


Black, resistant to rust 

Black, susceptible to rust____- 

White, resistant to rust_.......__- it LE SS 
White, susceptible to rust__...._..__- 


wi wowrp 


ne ee eee Cee ee ee é 


- 








The results of these studies prove that it is very easy to obtain 


immune lines from a cross of immune and susceptible. The differ- 
entiation between different classes of homozygous, susceptible, and 
heterozygous families is very difficult with a character like reaction 
to smut, which is not completely expressed in the progeny. The 
results indicate that there are separate factors which differentiate 
immunity and resistance, for numerous lines of Black Mesdag have 
been grown and no infection has been obtained. Lines which produce 
only a few infected panicles may be resistant. Susceptible ‘and 
heterozygous lines unless extensively studied are difficult of sepa- 
ration. 

Results similar to those obtained in these studies could be explained 
by two pairs of genetic factors, JJ and RR for immunity and resist- 
ance, respectively, located in Black Mesdag. J might be considered 
to be epistatic to R. It is impossible, however, to determine the 
exact genetic condition in these studies. 


CORRELATION BETWEEN COLOR OF GLUMES AND OTHER 
CHARACTERS 


COLOR OF GLUMES AND RUST REACTION 


The parents of the crosses differed in several characters which 
furnished an opportunity to study linkage relations. A classifica- 
tion for the characters resistance versus susceptibility and glume 
color is given in Table II. Resistance versus susceptibility and black 
versus white glume color are each dependent on a single genetic 


factor pair, and these two pairs of factors appear to be independently 
inherited. 
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TABLE 11.—Correlation between glume color classes and reaction to rust in the F, 
generation of three crosses between Black Mesdag and rust-resistant segregates 
from previous White Russian crosses 





| Black | Black | White | White | Total 
| resist- | suscep-| resist- suscep- | 
| ant | tible ant tible | 
plants | plants plants | plants | 
| 


indi- 
viduals 


} 
(White RussianXVictory) I-18-2x< Black } 

Mesdag, plant row No. 68: | } 
Obtained _.---- elaabdliate ie cosetnidphnsione ‘4 477 f 51 | 834 |_. .| Close 
a en nain ret ailttiin WE tind cizentitinnnette nel 469 B. 8 .f 52 | 834 to 1. 

(MinotaX White Russian) II-18-37x Black | 

Mesdag, plant row No. 69: 

Obtained a ee 2, 182 : 5 268 | 3,935 |.--- 
RES See eae 2, 213 i ¢ 246 | 3,935 
(MinotaX White Russian) II-18-4 Black | | 

Mesdag, plant row No. 70: } | | 
Obtained __. 781 | 3 *| 26 84 1,421 
|" ESSE AR E 799 | 266.5 | 266.5) 89 | 1,421 

All F2 groups, plant row Nos. 68-70: 


ARES pteiewdinth! Ge | 403 | 6,190 
EES ae . 5 | . 5 | 387 6, 190 


For plant row 68, X? is only 0.632 and P consequently very close 
to 1. For plant row 69, X? is somewhat higher, that is, 3.286, and 
P is 0.3544. For plant row 70, X?=2.430 and P=0.4947, and 
for the whole F, population X?=1.463 and P=0.6954. Resistance 
versus susceptibility and black versus white glume color appear to be 
independently inherited. 


COLOR OF GLUMES AND HAIRS ON RACHILLA 


Two of the crosses, II-18-2 and IJ-18-4 x Black Mesdag, could be 
satisfactorily explained on the basis of a single genetic factor pair for 
hairs on rachilla with nearly complete dominance of few over many 
hairs. It will be remembered that the Black Mesdag parent pro- 
duces many hairs and that the white-glumed parents produce few 
hairs on the rachilla. The results given in Table 12 are on the 
basis of one-third as many white as black glumed segregates. 


TABLE 12.—Correlation between glume color and hairs on rachilla in F2 crosses of 
a black-glumed many-haired variety with white-glumed few-haired strains 


Number of Number of 
black-glumed white-glumed 
plants having— plants having— 


Few | Many, Few Many 
hairs | hairs hairs | hairs 


II-18-2X Black Mesdag y 117 26 
II-18-4X Black Mesdag e 55 14 





172 40 





There is apparently a lower percentage of white-glumed plants 
with many hairs on rachilla than black glumed, which indicates a 
possible slight genetic linkage between the factors for glume color 
and hairs on the rachilla. Comparing the results obtained for the 
two crosses with a 9 :3 :3 : 1 ratio on the basis of X? test of goodness 
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of fit, a value for P of 0.0858 was obtained. This means that on the 
basis of random sampling a deviation as great as the one obtained 
might be expected 858 times in 10,000 trials, or 1 in 11.7. This is 
not a wide deviation from expectation but here is a slight tendency 
for a linkage relation. Cross IJ-18-37 x Black Mesdag which devi- 
ated widely from a 3:1 ratio also produced more black-glumed 
many-haired segregates than white glumed. The percentage of many- 
haired segregates in the black and white glumed classes in this cross 
was 17.3 and 13.3 respectively. The results can be explained by the 
hypothesis of a loose linkage between the factors conditioning many 
versus few hairs and the factor pair for glume color. 


COLOR OF GLUMES AND AWN DEVELOPMENT 


The black and the white glumed F, plants were classified for awn 
development into seven groups. These were: 

Group 1, geniculate awns, 67—100 per cent of spikelets awned. 

Group 2, geniculate awns, 34-66 per cent of spikelets awned. 

Group 3, geniculate awns, 1-33 per cent of spikelets awned. 

Group 4, nongeniculate awns, 67-100 per cent of spikelets awned. 

Group 5, nongeniculate awns, 34—66 per cent of spikelets awned. 


Group 6, nongeniculate awns, 1—33 per cent of spikelets awned. 
Group 7, no awns. 


Black Mesdag was placed in Groups 1 and 2 and the few awned 
parents in Groups 6 and 7. The black and white glumed plants were 
placed in the seven awning classes as shown in Table 13: 


TABLE 13.—Classification for awn development of black and white glumed plants 





Color of glumes T 
1 2 K ; 7 | Total 


27 23 y ‘ 26 165 
39 12 5 2 a 33 203 


Black -- 
White 


| Number of plants in groups for awn development 
= 


The double X?* test of goodness of fit was used to determine 
whether the two groups could be regarded as random samples drawn 
from the same population. <A calculated X? of 1.98 was obtained and 
a P of 0.9210, which indicates that the two samples could reasonably 
be considered random samples drawn from the same population. The 
results indicate no correlation or linkage between the factors for awn 
development and those for glume color. 


COLOR OF GLUMES AND SMUT REACTION 


The material was classified for smut reaction on the basis of F; to 
F; breeding behavior. The color of glumes of F, plants was corre- 
lated with the breeding behavior for smut reaction. It will be re- 
membered that the various lines were placed in several classes for 
smut reaction as follows: S, homozygous for smut susceptibility; A 


[wwe (2-2 )' ee 

Ss N N’ , where fp=frequency distribution of one sample, fp’ =the 
Sp+fo’ . 

frequency distribution of the other; S(fp)=N or total of one, S(fp’)=N’ or total of other. 2, Pefp and 

Sp’, respectively, in percentage. 


' The formula used was X?= 
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to H4, classes segregating for smut reaction and representing a pro- 
gressive decrease in smut observed in classes H1 to H4; R, resistant 
with only slight infection; J, immune from smut. The Black Mesdag 
parent was smut immune and the selections from the White Russian 
crosses used as the other parent were susceptible. The classification 
for color of glumes and smut reaction is given in Table 14. 


TABLE 14.—Classification of black and white glumed F, plants in relation to F; to Fs 
breeding behavior of their progeny for smut reaction 





Number of plants in groups for smut reaction 





Color of glumes l 
8 Hl | H2| H3 | H4/ R I 





SOE EE PLN OEM 38] 68) 17|/ 1 s|} sf: 











Ph hen hincndinsettitinG bemmacou caudal sieiaettsinahiets <inionel * 48 Bl 12 8 7 24 | 33 
Total. 


pe Gee en ee SAL ae NES IN OEE Sede eer ee 86} 149; 29 19| 12 od 47 


The double X? test was used to determine whether similar smut 
reaction groups were obtained for the black and white segregates. 
A calculated X? of 9.03 was obtained with a P of 0.1721. On this 
basis a worse agreement might be expected on the basis of random 
sampling 17 out of 100 trials. Probably therefore the segregation 
for smut reaction in the black and white glumed classes is of a 
similar nature. 


CORRELATION BETWEEN RUST REACTION AND OTHER 
CHARACTERS 


RUST REACTION AND HAIRS ON RACHILLA 


Studies of correlation between reaction to stem rust and number 
of hairs on rachilla were made for the crosses of II-18-2 and II—18-4 
with Black Mesdag which approached a monohybrid segregation for 
few versus many hairs. The results given in Table 15 are calculated 
on the basis of one-third as many susceptible as resistant plants, the 
classification for few versus many hairs being made as previously 
described. 

It will be noted from the results that the agreement is good with 
a 9:3:3:1 ratio, which indicates that rust reaction and hairs on 
the rachilla of the second spikelet are independently inherited. 


TaBLe 15.—Classification for reaction to rust and hairs on rachilla in the cross 
of Black Mesdag, a rust-susceptible, hairy-rachilla variety, with rust-resistant, few 
hairs on rachilla segregates of previous crosses of White Russian with Victory 
and Minota 





Number of Number of 
resistant plants susceptible 
| having— plants having— 
Cross | a A oe 
Few | Many) Few Many 
| hairs | hairs | hairs | hairs 
on : an a ‘ 
I I os aor ssn na sgasn dnt waneasasanaesanbances | 162.7) 480/ 53.0] 17.2 
_- EEG EE, SSSR See eae | 141.6 61.0 48.9 | 18.6 


Ec tugiildehinndsded dubcidianininct:t tdiaaneetelgnsdanmsiaicnemaniewd 304. 3 109. 0 101.9 | 35.8 
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RUST REACTION AND AWN DEVELOPMENT 


F, plants resistant and susceptible to stem rust were selected at 
random from each of the four groups—black resistant, black suscep- 
tible, white resistant, white susceptible. As there was no apparent 
linkage between black versus white and groups for awn development, 
the resistant and susceptible plants can be compared directly without 
correction for the fact that selection of black and white glumed 
plants was made. The relation between rust reaction and awn devel- 
opment is given in Table 16. 


TaBLE 16.—Correlation between rust reaction and awn development in the Fy 





generation 
Number of plants in groups for awn develop- 
Rust reaction mn 
| 
1 2) 3 4 5 6 7 
. mi | 

Resistant_-- : ~ eee ee 12} 4 24 31 51 31 
Susceptible_-_-- ‘ a re 40 ) 8 33 27 54 28 
57 58 105 59 


Total _- : 66 21 | 12 


On the basis of the double X? test the value of X? was 5.4 and the 
value of P was 0.4956. 


RUST REACTION AND SMUT REACTION 


F, plants were placed in two groups on the basis of reaction to rust— 
i. e., resistant and susceptible. F; to F; progeny selected at random 
from the four F, groups, black resistant, white resistant, black suscept- 
ible, white susceptible, were classified for smut reaction. As similar 
numbers of black resistant, and white resistant, black susceptible, 
and white susceptible plants were selected the smut reaction can 
be compared directly for the two groups for rust reaction. (See 
Table 17.) 


TABLE 17.—Correlated inheritance for rust and smut reaction 


Number of plants in groups for F3 to Fs 
progeny for smut reaction 


F? plants for rust reaction } j = j 4 
H1 and | H3 and 
2 14 


R I 
Resistant ° Wiswussasunenendiaentetiememel 36 82 13 20 28 
Susceptible ‘ * 50 96 18 16 19 





The probability that these represent random samples from the 
same population was determined by the double X? test. X?=5.2 
and P=0.2697. No correlation between rust and smut reaction 
was obtained. 
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CORRELATION BETWEEN HAIRS ON RACHILLA AND OTHER 
CHARACTERS 


HAIRS ON RACHILLA AND AWN DEVELOPMENT 


Black Mesdag produced many hairs on the rachilla and the rust- 
resistant parents produced few. Similarly, Black Mesdag produced 
many awns and the rust-resistant parents few. In order to de- 
termine whether there was an association between the characters, 
development of awns and rachilla hairs, the F, data from the cross 
of II-18-37 x Black Mesdag were used and the correlation between 
the two groups of characters determined. ‘The coefficient of con- 
tingency was used as a measure of correlation. (See Table 18.) 
The probable error of this coefficient was calculated from the formula 


P. E. of C, or mean square contingency = 2 < 0.6745 VN. The 


calculated value of C,=0.1867+0.0670. This indicates little or no 
correlation, and therefore segregation for awn development and hairs 
on rachilla appears to be independent. 


TABLE 18.—Correlation between the development of awns and of hairs on the rachilla 
in the F, generation of II—-18-37 X Black Mesdag 


Number of plants in groups for awn development 
Classes for hairs on rachilla — — — — . =e 
1 , 3 4] 5 6 7 |Total 


HAIRS ON RACHILLA AND SMUT REACTION 


The cross was between Black Mesdag, a smut-immune variety, 
which produces pubescence on the rachilla which supports the second 
kernel of the spikelet, and smut susceptible, weakly pubescent 
segregates of a previous White Russian cross. The F; generation of 
the cross of 11-18-37 Black Mesdag was used to determine the 
correlation, if any, between smut reaction and production of hairs 
on the rachilla. (See Table 19.) 

The calculated coefficient of contingency for these results was 
0.0435 + 0.0692, which indicates that smut reaction and hairs on 
rachilla are independent in inheritance. 


TABLE 19.—Correlation between number of hairs on the rachilla which supports 
the second kernel of the spikelet of F2 generation plants and smut reaction, as 
determined from their F; to Fs generation progeny 


Number of plants in smut-reaction classes 


Classes for hairs on rachilla Pa Ca as PRRs 
H3 and! H1 and . 
R H4 H2 § Total 


28 
2 
1 


Total_..... eitieiaaeat a 47 |) 36 “31 
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CORRELATION BETWEEN AWN DEVELOPMENT AND 
REACTION 


SMUT 


The Black Mesdag or immune parent produces many strongly 
developed awns while the smut-susceptible Minota x White Russian 
parent, 11-18-37, produces a few weakly developed awns. F,-gen- 
eration plants were classified into seven groups for development and 
geniculation of awns as has been described. 

A correlation table for awn development in F, and smut reaction 
as determined from F; to F; data is presented in Table 20. 


TaBLE 20.—Correlation between awn development of F, plants and smut reaction of 
their F; to Fs progeny 


Number of plants in F2 groups for awn 
development 
Smut reaction 





| 

1 2 3 4 ) 6 7 Total 

| 
I 9 | 3 2 5 6 18 4 | 47 
eo. 9 | 2 1 5 3 7 9 36 
H3 and H4 7) 3 1 5 6 8 l 31 
Hi and H2 31 12 | 7 21 27 fl 29 178 
8 10 | 1} 1 21 16 21 16 N6 
21} 12| 57! 58] 105| 50] 378 

| 


Total 66 | 21 


The coefficient of contingency for awn development and smut 
reaction was C,=0.1121+40.0685. No close association or linkage is 
indicated. 

SUMMARY 


A correlated study of the mode of inheritance of reaction to black 
stem rust, Puccinia graminis avenae, and loose and covered smuts, 
Ustilago avenae and U. levis, in relation to other differential characters 
was made. 

The rust-resistant parents were segregates from previous crosses of 
White Russian with Victory or Minota. Three selections were used, 
‘“‘Anthony,”’ which was selected from a cross of White Russian x Vic- 
tory and which bore the Nursery Series Number II-18-2, and two 
unnamed selections from crosses of White Russian with Minota 
which bore the Nursery Series No. I]-18—4 and IJ—18-37. Nursery 
Series No. Il—-18-37 was used most extensively in the studies. These 
three selections produced white glumes, weak awns, few to no hairs 
on the second kernel of the spikelet and were susceptible to smut. 
The smut-immune parent, Black Mesdag, produced black glumes, 
strongly developed, geniculate awns, many hairs on the rachilla of 
the second spikelet, and was rust susceptible. 

Black versus white glumes and rust resistance versus suscepti- 
bility gave close approximations to 3 :1 segregations with black dom- 
inant over white and rust resistance dominant over susceptibility. 

Segregation for number of hairs on the rachilla of the second spike- 
let agreed well with a 3:1 ratio in F, of few to many hairs on the 
spikelet for the crosses of II-18-2 and II-18—4 with Black Mesdag. 
The cross of II-18-37 and Black Mesdag produced a greater propor- 
tion of few-haired segregates than would be expected on the basis of 
a 3:1 ratio. 
161655—28——5 
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Segregation for number and strength of awns occurred, and the 
classification of F, plants was compared with F; breeding behavior. 
The results could not be explained on any simple genetic basis. There 
were 66 F, plants out of 378 in the cross of II-18-37 x Black Mesdag 
which were classified in the awnless group. Five of these were selected 
and their progeny grown in F;. These bred true for none to few 
weak awns. The geniculate, strongly awned F, types, however, 
segregated in F; for the most part. 

Approximately the same number of F, plants were selected at 
random from each of the fou i 
black, susceptible to rust; white, resistant; and white, susceptible, 
and their progeny tested in F; to F; for smut reaction. Of a total 
of 378 lines, 86 were classed as susceptible on the basis of F; data. 
These were as susceptible as the II-18-37 parent. Lines which pro- 
duced no smut in F; to F; were classed:as immune. There were 47 
of these lines. Some lines appeared highly resistant and only pro- 
duced a small percentage of infection. Thirty-six lines were placed in 
this class. The remainder of the lines, of which there were 209, 
produced some smut infection although less than the susceptible 
parent and more than the lines classed as resistant. The susceptible 
parent produced a small percentage of infection, although each row 
tested showed some smut each year. The genetic factors for smut 
reaction can not be determined with accuracy in these studies. 
Results of the same general nature received here could be obtained by 
two factors J and R for immunity and resistance, respectively, both 
carried in the Black Mesdag parent, each allelomorphic to factors for 
susceptibility with the further hypothesis of J epistatic to R. This 
however, is suggested only as a possible explanation. 

Black versus white glumes appeared to be independently inherited 
from resistance versus susceptibility to rust. 

The two classes for color of glumes in F, black and white were 
compared for segregation of awns and for smut reaction by the double 
X* test of goodness of fit. P values of 0.9113 and 0.2226 were 
obtained, which indicates no linkage between factors for color of 
glumes and for awn development and smut. reaction. 

There was a slight tendency in all three crosses for a loose linkage 
between genetic factors for hairs on rachilla and for glume color, 
although the linkage, if any, was very loose. 

No correlation between rust reaction and awn development or rust 
reaction and smut reaction could be demonstrated by the X? test. 
P values of 0.2718 and 0.2697 were obtained. A worse fit could be 
expected on the basis of random sampling 27 times out of 100 or 1 
out of 4. 

The coefficient of contingency was used to determine any possible 
linkage between hairs on rachilla and awn development, hairs on 
rachilla and smut reaction, and smut reaction and awn development. 
All three calculated coefficients were low and hardly significant in the 
light of their probable errors. 

From these studies several homozygous lines have been obtained 
which are resistant to black stem rust, immune from smut, and which 
have weak awns and white glumes. These are being compared with 
Victory and Minota for yielding ability. 
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VARIATIONS OF THE COLLOIDAL MATERIAL IN TYPI- 
CAL AREAS OF THE LEONARDTOWN SILT LOAM SOIL! 


By R. 8. Hotmes 


Assistant Chemist, Bureau of Chemistry and Soils, United States Department of 
Agriculture 


INTRODUCTION 


Previous studies in this bureau have shown that the behavior of 
soil in the laboratory is governed very largely by the kind and quan- 
tity of colloidal material present (4, 15). It has also been pointed 
out that the character of the colloidal material should be considered 
in soil classification (9), since the colloid is distinctively the weathered 
product of the soil. Information as to the kinds of colloid present in 
the various cultivated areas is therefore important; and as a prelimi- 
nary step toward obtaining such data, a study has been made of the 
colloidal materials present in various areas that have been mapped 
as a single type of soil. 

Data have already been obtained regarding the composition and 
properties of the colloids present in samples collected from many 
types of soil (18, 10). These data, collected to show variations of the 
colloidal soil material in soils in general, can not safely be taken as 
showing the kinds of colloidal material that are characteristic of the 
particular types of soil sampled, since none of the types was repre- 
sented by more than two samples, and the variability of a soil type 
with respect to colloidal material is unknown. Obviously, unless the 
colloidal material is fairly uniform in different samples of a type of 
soil, the nature of the colloid can not be regarded as one of the char- 
acteristics of soils as now classified. A priori there is no reason why 
the colloidal material should be especially uniform throughout an 
area occupied by a particular type of soil, since the character of the 
colloidal material is not one of the criteria used in classifying soils. 
On the other hand, the nature of the colloidal material plays such an 
important part in determining nearly all properties of a soil that it 
might be expected to vary little in areas of soil whose characteristics 
are so nearly uniform as different areas of a single soil type. 

The results reported in this paper indicate the variation that may 
be expected in colloidal materials isolated from different samples of a 
fairly well-defined type of soil. The data given concern the chemical 
composition and properties of the colloidal material present in samples 
of Leonardtown silt loam collected in scattered areas where this type 
of soil appears well developed. 


REVIEW OF LITERATURE 


Apparently no studies have been made dealing specifically with 
variation of the colloidal soil material within a soil type. However, 
analyses made by several investigators of the clay or colloidal mate- 
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rial isolated from different soils give some indication of the variation 
that may be expected. 

It has previously been pointed out that, although colloids from 
different soils may differ widely in composition, samples of different 
soils within a restricted climatic region often contain very similar 
colloids (18). Analyses reported by Hall and Russell (12) indicate that 
four fertile soil types in southeastern England contain clays of approxi- 
mately the same composition, and three less fertile types from the 
same regions contain clays which differ very little. Clay fractions of 
10 North Wales soil samples reported by G. W. Robinson (16) are 
less uniform in composition. The difference between the highest and 
lowest silica content of the 10 clays is about 15 per cent of the average 
content, and the extreme variations of aluminum and iron oxides are, 
respectively, 34 and 38 per cent of the averages of these constituents. 
These 10 samples represent three soil types as defined by Robinson. 
Different samples of a single type show about half these variations. 
Bradfield (6) found the colloidal materials present in subsoils of 11 
different soils in Missouri to be fairly uniform in composition. Dif- 
ferences between the highest and lowest silica and alumina contents 
were, respectively, 8 and 23 per cent of the average quantities present 
in the 11 samples. Analyses reported by Robinson and Holmes (18) 
of colloidal materials isolated from 45 soil and subsoil samples taken 
in different parts of the United States include 10 colloids that are 
fairly uniform in composition. Differences between the highest and 
lowest silica or alumina contents are only about 8 per cent of the 
average for these samples, whereas differences between the extremes 
of Fe,O; or between extremes of combined water are about 20 per 
cent of the average. It was pointed out as significant that most of 
these samples are from Maryland—a comparatively restricted area. 

The preceding data indicate that in certain regions different types 
of soil contain colloids which do not differ widely in their major con- 
stituents. One would therefore expect a single type of soil to be 
quite uniform with respect to the kind of colloidal material present. 


DESCRIPTION OF SAMPLES 


The type of soil examined for variability of the colloidal material 
was the Leonardtown silt loam. This is a soil of very pronounced 
characteristics and is therefore fully as well defined as the average 
soil. Its characteristics, as described by C. F. Marbut in a memoran- 
dum to the author, are as follows 


In the uncultivated Leonardtown silt loam, the features characteristic of the 
timbered soils of the eastern United States are well developed. The A horizon 
is usually about 10 inches thick. The first half inchis colored dark by decomposing 
forest débris and the remainder of A is pale yellow to almost gray. The structure 
is single-grained with lamination well developed. The upper part of the B hori- 
zon, usually 10 to 15 inches thick, is yellowish with a faint reddish brown shade. 
The nut structure of the particles is so highly developed that the material falls 
into pieces when at the optimum water content. The outside of the structure 
particles is lighter in color than the inside, but there is no gray coating. Although 
the texture is heavier than that of the A horizon, there is no induration. The 
lower part of the B horizon, beginning usually at the eighteenth to the twenty- 
fourth inch, is entirely different from upper B. It is so highly indurated that 
penetration with a soil auger is difficult, and on drying it becomes as hard as 
sandstone. It is predominantly brownish gray in color, but the colors are un- 
evenly distributed, some spots being gray. It contains many irregularly shaped 
pores, the wall of which are lined with a brownish coating. The C horizon 
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beneath the indurated B, layer is somewhat variable in character, ranging from 
a reddish clay to a gravelly clay. In no case is it indurated or cemented. 

This type of soil occupies level or nearly level areas in the coastal plain of 
eastern Maryland and Virginia. 


The purpose of this work was not to determine the average com- 
position of the colloidal material in the whole area of Leonardtown 
silt loam that has been mapped. This study was restricted to de- 
termining variability in the colloidal material of soil samples taken 
in separated areas of Leonardtown silt loam in which the profile 
is typically developed. The results thus show the variability found 
in typical Leonardtown silt loam spots and not in all the areas that 
have been mapped as Leonardtown silt loam. 

Three areas near one another and five widely separated were 
chosen for sampling; otherwise the samples were taken virtually at 
random. No attempt was made to obtain samples of exceptional 
uniformity by preliminary examination and rejection of samples. 
The only precaution observed in selecting a spot for sampling was 
to see that the profile had well-developed Leonardtown characteris- 
tics. The soil samples were not composites but were taken from 
single holes. The vertical section of soil included in the actual 
sample thus had a surface area of only a few square inches. 

Data regarding the soil samples from which colloidal material 
was isolated are given in Table 1. 


TaBLE 1.—WSituation, topography, and vegetation of localities in which samples 
were collected; horizon and depth from which samples were taken; and colloidal 
material in samples, estimated by water adsorption and actually isolated from 
samples 











Colloidal 
—— Colistdel 
Local- ae ee ee : ; | Depth sample material 
ity Locality in —- - Topography Vegetation Hori- of esti- ne me, 
No. were collectec zon sample mated isolated 
by water a 
adsorp- somes 
tion 
Inches| Per cent | Per cent 
1 | 2 miles northwest of Forest- | High, flat..__- Old grass A 0-7 10.5 9.1 
Ma Prince Georges County, field cover. 
via. 
en A ie -| Bi 7-17 25.0 21.0 
2 | 15 feet south of locality No. 1.-! High, eicen Old grass Bi 7-17 26. 6 21.3 
field cover. 
3 a yards south of locality No. |.....do_--....-.|...-- (ineevee A 0-7 10.9 9.4 
4\16 Pate north of Meadows, | Low, flat....-- a a 0-12 10.7 7.3 
Prince Georges C ounty, Md.; 
2 miles south of locality No. | 
1. | 
| NES Nanas ern REE eee Mee uM -| By | 12-18 26.1 22.5 
RE RS SARE ES et aE Bo | 18-28 11.5 10.3 
5 | % mile southwest of Matta- Forest........ A | 07 11.9 8.8 
woman, Charles County, | 
Md.; 14 miles south of local- | 
ity No. 1. | 
a Ke eR! Bi 7-14 25.4 18.0 
6|% mile west of Middleton, | Low, flat...... Forest__....- A 0-7 8.9 7.5 
Charles County, Md.; 18 
miles south of locality No. 1. 
SS ER Es Se eee Bi 7-14 18.0 14.8 
7 144 miles west of Laurel, Prince | High, flat- Old pasture-| A 1-8 12.0 9.7 
Georges County, Md.; 19 land cover. 
miles north of locality No. 1. 
GREE SE eer. Searle See Bi 8-18 26.1 23.9 
_ See he SP EEE ee See eee ee 19-30 15.0 13. 6 
8|1% miles south of Laurel, | High, slightly Old _ grass- A ee See ee ae 
Prince Georges County, rolling. field cover. 
a Ly miles north of local- 
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It will be seen that in some cases colloidal material was isolated 
from three horizons in the profile, but in most cases the examination 
was limited to the A and upper B horizons. 


METHODS 


The colloidal material was isolated from the soil very much as 
described in a previous publication (10), except that the distilled 
water used in the first dispersion of the soil was recovered and used 
for subsequent treatments of the sample. The water was maintained 
at a Py of about 8 by the addition of a few drops of ammonia when 
necessary. The colloidal material isolated was obviously a fair 
sample of that in the soil, since the greater part was isolated in each 
case. The quantities of colloid isolated and the quantities present 
in the soil as shown by the water vapor absorbed by the soil over 
3.3 per cent sulphuric acid are shown in.columns 8 and 7 of Table 1. 
It has been shown that this estimation of the total quantity of 
colloid is fairly accurate in the case of most soils (10). 

Analysis of the colloidal material was made by the fusion method. 
The procedure in most respects was similar to that employed by the 
Association of Official Agricultural Chemists (5), but determinations 
of TiO,, MnO, and P.O; were made in accord with Hillebrand’s 
methods for the analysis of silicate rocks (13). Organic matter was 
determined by combustion in an electric furnace, the CO, evolved 
being calculated to organic matter by the factor 0.471. The water 
of combination was taken to be the difference between the ignition 
loss and organic matter. 

Hydrogen-ion determinations were made electrometrically with a 
hydrogen electrode essentially as described by Gillespie (/1). The 
hydrogen-ion values of the isolated colloids were not determined, 
since they were altered by the ammonia used in the process of isola- 
tion. Determinations, however, were made of the untreated soil. 
These may be taken as representing approximately the hydrogen-ion 
concentrations of the unaltered colloid materials, since the Py of 
a soil is primarily that of the colloidal material. 

The quantity of water vapor adsorbed by the whole soil over 3.3 
per cent (by weight) sulphuric acid was determined for the purpose 
of estimating the quantity of colloid in the soil. The method used 
has been described in a previous publication (10). Determinations 
were also made of the water vapor adsorbed by the isolated colloids 
over 30 per cent acid for the purpose of showing differences in the 
materials. Previous studies showed that different soil colloids adsorb 
similar quantities of water vapor over 3.3 per cent acid (17), but 
widely different quantities from the drier atmosphere afforded by 
30 per cent acid (3). 

The quantity of ammonia gas adsorbed by the colloidal material 
was determined by the method described in a previous publication 
of this bureau (10). 

The quantity of barium adsorbed from a normal BaCl, solution was 
taken as a measure of total base-exchange capacity of the colloidal 
material. The determination was conducted as follows: 4 gm. of 
colloidal material were thoroughly agitated with 100 c. c. of a normal 
solution of BaCl, which had been adjusted to Py 7. After standing 
overnight the mixture was filtered, and the colloidal material was 
washed on the filter with successive portions of the BaCl, solution 
until the total filtrate amounted to 500 c. c. In order to remove the 
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excess BaCl,, the colloidal material was then washed with distilled 
water until the filtrate gave no test for chlorides. The adsorbed 
barium was extracted from the colloid by washing with approxi- 
mately 700 c. c. of n/20 HCl. Complete extraction of the barium 
was determined by testing the final washings for barium. The 
barium in the filtrate, representing the quantity originally adsorbed, 
was determined as sulphate. 


COMPOSITION AND PROPERTIES OF COLLOIDAL MATERIALS 
PRESENT IN THE DIFFERENT SOIL SAMPLES 


The composition of the colloids isolated from the different samples 
of soil is given in Table 2. In this table the percentages of most 
constituents are calculated on the weight of total inorganic material 
(i. e., weight of oven-dried samples minus organic matter) rather than 
on the weight of the whole sample. Organic matter varies consider- 
ably in different samples, and when this is eliminated the percentages 
of the inorganic constituents become more constant. 

In order that variations in the different constituents may be 
readily compared, the standard deviation and coefficient of variability 
are given for each constituent. These two constants are calculated 


by the usual formulas—standard deviation, ¢= Vw and coefficient 
N 

of variability, C= i * 100. In these formulas, d represents the 

deviation of each determination from the mean, M, of the whole 

number of determinations, N (7). 

Apparently, variation in composition of the colloidal material in 
different localities is shown by samples from either the A or B, horizon, 
since the colloids in these two horizons have very nearly the same 
chemical composition when the results are calculated on an inorganic 
basis. Only organic matter and constituents associated with it, 
such as ignition loss and possibly SO; and P,O;, differ appreciably 
in the colloids from these two horizons. The colloidal material in 
the B., or hardpan horizon, also seems similar to that of the A ‘and 
B, horizons. This is certainly true of the profile taken in locality 
No. 7. In view of the similarity of the colloidal materials in the A 
and B horizons, any variation found in the colloids of different local- 
ities is evidently not due to failure to distinguish sharply between 
the A and B horizons in sampling the various soil profiles. 

Colloidal materials of Leonardtown silt loam from the different 
localities show considerable variation in organic matter and in those 
constituents which are present in small quantity—less than approxi- 
mately one-half of 1 per cent.* In organic matter, SO; and P,O,, 
the colloids show almost as wide variation as the colloids which were 
isolated from many different soils in a previous investigation (18); 
hence these constituents do little toward distinguishing the colloids 
of Table 2 as coming from a particular kind of soil or group of soils. 
Manganese and lime are also quite variable, but the percentages of 
these constituents should not be regarded as wholly uncharacteristic 





> The exact degree of variation in CaO, Na2O, P20s, and in SO; is somewhat uncertain, since in many 
cases the analytical error is appreciable as compared with the quantities present. But even after a liberal 
allowance is made for analytical error, it is evident that the samples as a whole are quite variable in those 
constituents which are minor in quantity. Practically all the differences shown in MnO are real, since 
this determination is accurate within about two-thousandths of 1 per cent. 
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of the Leonardtown soil, since the Leonardtown colloids are uniformly 
lower in these constitutents than many other soil colloids that have 
been analyzed. 

In SiO,, Al,O;, Fe.0O;, TiO., K,0, MgO, and combined water, the 
colloids from the different localities vary little. The coefficients of 
variability range from 0.9 for SiO, to 12.8 for MgO. The most 
constant constituents are SiO,, Al,O;, Fe,O;, and combined water, 
the standard deviations being approximately 5 per cent of the means, 
as shown by the coefficients of variability. These four constituents 
make up about 95 per cent of the inorganic material and the TiQ,, 
K,0, and MgO account for an additional 3 per cent. Evidently, 
then, so far as the bulk of the inorganic material is concerned, the 
different samples of colloidal material are fairly uniform in composi- 
tion. 

In order to characterize further the different samples of colloidal 
material, some of the more important properties were determined. 
These included the water vapor adsorbed over 30 per cent sulphuric 
acid, the quantity of ammonia gas adsorbed at a pressure of 1 atmos- 
phere, the base-exchange capacity as measured by the barium 
adsorbed from a normal BaCl, solution, and the hydrogen-ion con- 
centration. Previous studies show that different colloidal soil mate- 
rials may vary widely in these properties (10, 3). The procedure 
followed in these determinations is described on page 462. 

It should be pointed out that determinations of these properties 
are probably less reliable measures of variability in the colloid samples 
than the chemical composition, since it is quite possible that some of 
the properties of the colloids were altered by the procedure of isola- 
tion. Previous studies show that in the isolation of certain colloids 
the heat of wetting and the adsorptive capacity are altered appreciably 
(1,10). Doubtless, in the case of these samples there was some altera- 
tion in the capacities for adsorbing water, ammonia, and barium; 
but since the colloidal materials were all very much alike and were 
isolated by the same procedure, it is to be presumed that they were 
all altered to approximately the same extent. Also, too much 
importance should not be attached to the Py determination as an 
indication of variability, since this determination was made on the 
whole soil, and it may have been affected somewhat by the noncol- 
loidal constituents of the soil. The results of this group of determina- 
tions are given in Table 3. 

It is apparent from Table 3 that the colloids from the different 
localities are fairly constant in four important properties. In hydro- 
gen-ion concentration and in adsorptive capacity for water vapor and 
ammonia, the variability is about the same as that shown by the four 
major chemical constituents (SiO,, Al,O;, Fe.O;, and combined water). 
The variability in base-exchange capacity (Ba adsorbed) is somewhat 
pa: it is about the same as the variability in K,0, MgO, and 

10. 

Thus far, variability of the colloid samples has been judged from 
the variation in separate constituents and single properties. Obvi- 
ously, this variability of single constituents does not show how con- 
stant the samples are in their whole composition, since one sample 
may be decidedly different from the other samples in one or two 
constituents but quite similar in all others. A better idea of how 
constant the samples are, taking everything into consideration, may 
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be gained from Table 4. In this table the quantities of the more 
constant chemical constituents and the values for four properties are 
expressed relative to the means of the A and B, colloids. 


TABLE 3.—Properties of the different samples of colloidal material 
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TABLE 4.—Composition and adsorptive capacity of the various samples, expressed 
relative to the means as 100 


Sample 
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When the seven constituents and four properties shown in Table 
4 are considered together, it appears that the different samples of 
colloidal material are quite uniform in character. If a variation of 
10 per cent from the mean is taken as “appreciable, ” it will be seen 
that only one of the colloids, 6—B,, differs appreciably from the mean 
in 3 of the 11 characteristics tabulated. Most of the colloids vary 
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appreciably in only 1 constituent or property. All appreciable 
variations, except one, occur in the TiO,, MgO, or K,O, which to- 
gether form only about 3 per cent of the whole colloid. Apparently, 
colloids taken from widely separated localities agree with one an- 
other as closely as colloids taken from practically adjacent spots. 
Samples 6 and 7, for instance, agree with each other or with samples 
1, 2, and 3 about as closely as sample 1, 2, and 3 agree with one an- 
other; yet Table 1 shows that the localities from which samples 6 
and 7 were taken are about 37 miles apart, whereas those of samples 
1, 2, and 3 are only 5 and 200 yards apart. 

In view of these data, it seems justifiable to conclude that the 
Leonardtown silt loam soil is characterized by a fairly definite kind 
of colloidal material. The typical Leonardtown colloid appears to 
be defined by its Py, by its absorptive capacity for water, ammonia, 
and barium, and by its content of SiO,, TiO,, Al,Os, Fe,Os, Mgo, 
K.O, and combined water. The percentages of organic matter, 
SO,;, and P.O; are too variable to be characteristic, and the contents 
of lime and manganese are definitive only in being low. 

In connection with the conclusion that a type of colloid is char- 
acteristic of the Leonardtown type of soil, the nature of the soil 
sampling should be considered. As previously pointed out, the soil 
samples used in this work were not composites but were taken from 
single holes and embraced only a few cubic inches of soil. Since 
these small samples yielded uniform colloids, it is evident that with 
respect to colloidal material the Leonardtown type of soil is a fairly 
definite object even in small units. 

Some idea of the number of samples that should be taken in order 
to determine the type of colloid that is characteristic of a soil type 
may be gained from the data given in Table 2. By use of the usual 
formulas for probable error,‘ the accuracy of the mean compositions 
given in the table and the limits within which a single sample should 
approach the mean may be estimated. It appears that in the case 
of the A-horizon colloids the chances are even that the means given 
in Table 2 agree with the true means within + 0.34 per cent SiQ,, 
+0.20 per cent Fe,O;,, + 0.28 per cent Al,O;, and +0.17 per cent 
combined water, and there is an even chance that a single sample 
would agree with the mean within +0.91 per cent SiO,, + 0.53 per 
cent Fe,O;, +0.72 per cent Al,O;, and +0.46 per cent combined 
water. In the case of the B,-horizon colloids the probable errors 
of sampling are somewhat less, since these colloids are slightly more 
constant than the A-horizon colloids. Evidently, from 8 to 10 
samples of a soil type would be sufficient to show the kind of col- 
loid characteristic of the soil with a fair degree of surety. 

Incidentally, the data obtained in this study are important in 
showing how closely different properties of the colloidal soil material 
may be expected to correlate with one another and with the chemical 
composition of the material. In previous studies of widely different 
colloidal soil materials, fair correlations were found between varia- 
tions of the colloids in one property and variations in another; corre- 
lations were also apparent between variations in _ properties and 


‘ The probable error of a single determination =0.6745¢ and the probable error of the mean =": 67 4be | 


In these formulas o represents the standard deviation and N the number of determinations 
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os 
ALO tex: ratio (2, 8,3). These relationships 
were established for a series of colloids in which wide variation 
occurred. In this series of colloids the variations are small; hence 
the relationships would probably appear less marked, the relation- 
ship not being absolute. It appears from Table 4, however, that in 
the case of these very similar samples of Leonardtown colloid there 
is some correlation between properties. The figures given in Table 
3 for the adsorption of water vapor and ammonia gas show a fair 
correlation, the correlation coefficient between these two determina- 
tions being 0.71+0.15 for the A-horizon colloids and 0.75+0.11 for 
the B,-horizon colloids. The quantities of barium and water vapor 
adsorbed are less closely correlated, the coefficients for the A and B, 
colloids being 0.66+0.17 and 0.58+0.17, respectively. There is no 
significant correlation between the adsorptions of barium and am- 
monia, and the adsorption data do not correlate with the compara- 
tively constant MOLE ESD: ratio. The slight correlation of prop- 


variations in the 


erties in the case of these colloids of low variability is in harmony 
with the results of previous studies. It also serves to emphasize the 
fact that correlations between different properties and correlations 
between properties and chemical composition of the colloidal soil 
material are far from perfect. 


DISCUSSION 


The preceding data show that fairly typical spots of Leonardtown 
silt loam, selected at random, contain colloidal materials which are 
quite constant in their major constituents and adsorptive capacities. 
The nature of the colloidal material may therefore be considered a 
characteristic of this soil type. Further investigation is needed to 
show how constant other types of soil are in colloidal material; but 
it is fairly certain that the nature of the colloid may be considered a 
characteristic of many, if not all, types of soil. 

Even if further investigation shows that each soil type is constant 
in its colloidal material, many data must be collected before it is 
evident just how valuable the composition of the colloid is as a 
classification characteristic. On the basis of the four major con- 
stituents \Lo bea or of the ratio, only a few groups of soil 
types could be distinguished; but some cf the more variable minor 
constituents will doubtless distinguish additional subordinate groups. 
It is not unreasonable to expect that the kind of colloidal material 
will prove as valuable a characteristic for soil classification as the 
quantity of clay or colloid has proved to be. 

Aside from any value in soil classification, a knowledge of the 
kinds of colloidal material in the different cultivated areas is impor- 
tant for throwing light on the propertiés and management of soils; 
and it appears from this study that such knowledge may be approxi- 
mated by analyzing the collodial materials present in a comparatively 
few samples typical of each type of soil. The probable error calcula- 
tions given on page 467 show that in the case of the Leonardtown silt 
loam, seven samples of soil taken with only reasonable care showed 



















Mar. 1, 1928 Variations of the Colloids of Leonardtown Silt Loam 





469 


the kind of colloid typical of this soil type with considerable accuracy, 
and that samples of colloid from individual spots do not show a wide 
variability in their major constituents. Of course, it does not follow 
from these data that all areas that have been mapped as Leonardtown 
silt loam will contain colloidal materials as similar to the mean as the 
typical samples that have been analyzed. But the colloid of any par- 
ticular area should at least be similar to the mean of the type in pro- 
portion as it is typical Leonardtown, since typical spots are fairly 
constant. 

The data given in Table 2 throw light on two questions that are not 
immediately related to this study. It was pointed out that the col- 
loidal material from the A horizon has very nearly the same compo- 
sition as that of the B,; horizon when the results are expressed on an 
inorganic basis. This is in agreement with the results of a previous 
investigation in the course of which analyses were made of colloids 
isolated from the A and B horizons of 15 types of soil (18). In each 
case the A horizon colloid was very similar to the B colloid in inor- 
ganic composition. It thus seems that the colloids in these two 
horizons are similar in most types of soil. Results recently obtained 
by McCool on some Michigan soils indicate, however, that this is not 
universally true (14). The fact that colloidal material in the B, 
horizon is also very similar to that in the A and B, horizons is some- 
what surprising, since the B, horizon is a distinct hardpan. Data 
given in Table 1 shows that this indurated layer contains considerably 
less colloidal material than the friable B, horizon; hence it would 
appear that the hardness characteristic of this layer is due neither 
to the kind nor to a particular quantity of colloidal material present. 
Possibly it is primarily dependent on a peculiar structure of the non- 
colloidal material. 


SUMMARY 


This study was conducted for the purpose of determining the 
variability in the colloidal material of typical samples of Leonard- 
town silt loam soil. The data reported concern the chemical com- 
position and properties of the colloidal materials that were isolated 
from random samples typical of this silt loam. 

The colloids of this type obtained from different localities are, on 
the whole, fairly constant in hydrogen-ion concentration, in adsorp- 
tive capacity for water vapor, ammonia gas, and barium, and in 
content of SiO,, Al,O;, Fe,O;, combined water, TiO., K,O, and 
MgO. The MnO and CaO are more variable, but these constituents 
are low in all samples. Organic matter, SO;, and P.O; vary widely. 
It thus appears that the Leonardtown silt loam type of soil is char- 
acterized by a type of colloid which is fairly definite in adsorptive 
properties and in those inorganic constituents that are present in 
appreciable quantities. 

The probable errors of sampling indicate that 8 to 10 samples of 
a type of soil should be sufficient to show with considerable accuracy 
the kind of colloidal material characteristic of the type. 

Incidentally, the data obtained in this study confirm a conclusion 
of previous work, that in most soils the colloidal materials of the 
A and B, horizons are very similar in inorganic composition. The 
data also indicate that the hardness of the B, horizon in this type of 


soil is not primarily dependent upon the kind or quantity of colloidal 
material present. 
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A CHEMICAL STUDY OF THE DEVELOPMENT OF 
COTTON BOLLS AND THE RATE OF FORMATION 
OF GOSSYPOL IN THE COTTON SEED.' 


By Wituis D. GALiup? 


Assistant Chemist, ey ye of Agricultural Chemistry Research, Oklahoma 
Agricultural Experiment Station 


INTRODUCTION 


The significance of small amounts of gossypol and its related 
compounds in cottonseed products has been emphasized in previous 
communications (6, 7). In a series of investigations to determine 
the factors which affect the gossypol content of cottonseed meal it 
became necessary to study the rate of formation of gossypol in the 
cotton seed and to determine the stage of development of the seed 
at which gossypol was present in the greatest amounts. The quan- 
tity of this toxic substance in the meal is largely dependent upon 
the quantity in the original seeds, and this in turn is probably gov- 
erned somewhat by the nutrition of the plant. Evidence of the 
existence of such a dependent relationship has been previously 
reported (15), and a positive correlation found to exist between the 
gossypol content of the seed and its oil content. The practical 
application of such findings, however important, has not received a 
great deal of attention. 

In a previous investigation (7) it was observed that gossypol 
began to form in the cotton seed previous to the opening of the boll 


and reached its maximum amount soon after the boll had opened. 
The oil developed in the seed in increasing amounts at the same 
time, although not in the same proportion. The age of the seeds 
was calculated from the stage of development of the boll. 


EXPERIMENTAL 


In the study reported here, which had for its purpose the further 
investigation of the apparent relationship existing between the 
formation of gossypol and of oil during the development of the 
seed, more rigid measures were taken to determine the exact age of 
the experimental material and reduce variability in samples to a 
minimum. To reach this objective and make the results comparable 
to those obtained a year previous and recently reported (7), the same 
variety of cotton seeds was used and the seeds were obtained from 
plants growing in the same area of the field. When the plants were 
in bloom the flowers were marked with the date at which they were 
fully open, and this date was used to determine the age of the bolls 
which were later collected. A sufficient number of flowers were 
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marked during 10 days of the flowering period to insure a large 
quantity of representative samples. Eight days after the first 
flowers were marked a collection of bolls was made and further col- 
lections were made at the intervals shown in the tables which follow. 
By this procedure a considerable amount of experimental material 
other than the seeds which were needed for the gossypol determina- 
tions was collected, and it appeared worth while to include in the 
study the analysis of the several parts of these cotton bolls as they 
matured. 

Although an enormous amount of work has been done on the 
chemical composition of the cotton plant as a whole, little attention 
has been given to the composition of the contents of the boll in the 
various stages of development, and it seemed for several reasons 
that this might prove of some importance. The need for specific 
information of this sort is felt most. in finding new uses for waste 
products which accumulate each year. In fact, the data collected 
during this part of the investigation yielded such interesting results 
that they tended to subordinate the primary object of the study, 
which was mainly concerned with the formation of gossypol and oil 
in the cotton seed. 

Unopen or partly open bolls which fail to mature and are left in the 
field have practically no value at the present time, although in some 
years it has been a practice at the close of the cotton-picking season 
to collect these bolls and sell them to the ginners. Bolly refuse, 
consisting mainly of the burr and some unginned cotton and which 
collects at the cotton gins in large quantities, has been suggested as a 
feed of some value (5). The ash of this material is high in fertilizing 
constituents. From the results presented in this paper the composi- 
tion of cotton lint itself might be expected to show some variation 
from year to year, a fact which would impair its value for certain 
specialized purposes. Brown (3) quite correctly states that ‘cotton 
lint is often spoken of as being pure cellulose, but * * * it con- 
tains several other materials in considerable quantity.’ 

For the sake of brevity and to facilitate the comparison of a large 
number of analyses, the results of this study are presented in several 
tables with a discussion following each. The proximate analyses were 
made by the methods of the Association of Official Agricultural 
Chemists (1) and the gossypol determined by Carruth’s method as 
modified by Schwartze and Alsberg (14). 


DISTRIBUTION OF MATERIAL IN COTTON BOLLS 


The weight of the dry material obtained from 25 bolls of cotton 
at different stages of maturity is shown in Table 1. In the data here 
presented a small increment of error may have been introduced 
through the use of the calculated, rather than the actual, weight of 
some of the materials. It is unfortunate for the completeness of this 
table that the cotton burrs were not preserved during the first part of 
the experiment, but as their analyses would be of little value to the 
main object of the study, the calculation of these values seemed 
justifiable. 
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TaBLe 1.—Weight of dry material obtained from 25 bolls of cotton at different stages 
of maturity 





Weight of— 
Size of 
bolls , |Contents F 
Bolls of bolls Lint 


Age of material 


Gm. 
Jae — oun es 2. a oe eincal 
16 days beckeiecaniil 3. . 2 5. 86 1 30. 35 
24 day ame iaciaieantihd 3. 21. 64 52. 3. 31. 52 
32 day 3. & 36. 7 i 51. 28 
46 day aia apie 3. 2.7 71. 56. £ 94, 85 
52 days-.---- inane b L .7 117.87 @ (1,047) 


« Number of seeds in 25 bolls. 
> This figure represents the calculated rather than the actual weight. 


It may be noticed that the combined weights of the dry seeds and 
lint of 25 bolls do not agree with the dry weights of the boll contents, 
and that after 24 days this percentage difference becomes less at each 
successive stage of maturity. These differences are taken as repre- 
senting water-soluble material removed from the seeds and lint during 
the preparation of the samples, as described later. Moreover, the 
figures given are the averages obtained from a large number of samples 
calculated on the basis of 25 bolls, and not the weights of material 
obtained from a few selected samples, which would no doubt give a 
distorted picture of actual conditions, due to a surprisingly large 
variation in size of bolls. 

The separation of the lint from the seeds was done by hand and 
complete separation was easily accomplished in those instances in 
which the material was very wet. As the seeds became more mature 
the lint was more firmly attached and its final removal was effected 
with sulphuric acid. By determining the dry weight of a given num- 
ber of seeds before and after delinting, the residual lint, more properly 
termed “‘fuzz”’ or “linters,’’ was found and the proper correction 
made for it in determining the total amount of lint in the bolls. 

The number of seeds in 25 bolls, which is given in parenthesis to 
the right of the weight of the seeds, shows some variations that must 
be taken into account in the analysis given later. These variations, 
which undoubtedly contribute an element of error when the percent- 
age composition of the material produced by the plant is used as an 
index of quality without taking into consideration the quantity 
produced, was controlled as much as possible by discarding the bolls 
showing insect injury or abnormal conditions. Fortunately, very 
few bolls at any of the stages given were unsuitable as experimental 
material. The bolls 32 days old yielded the smallest number of seeds 
and those 52 days old the largest number, while the others were 
quite uniform in respect to number present. The mature bolls 
should contain no more seeds than the immature ones, although this 
is only true providing the development of some of the seeds has not 
been prevented by some injury which might have passed unnoticed 
in the immature bolls but which was sufficiently apparent in the 
mature boll to mark it as unsuitable for analysis. With these explan- 
atory remarks, and excepting the number of seeds found in the bolls 
32 days old, the author believes that Table 1 represents the average 
distribution of material in healthy cotton bolls en plants of Okla- 
homa 44 variety grown under normal conditions. 
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CHEMICAL ANALYSES 


The results of the analyses of the cotton bolls and their contents 
are given in Table 2. 


TABLE 2.—Chemical composition of cotton bolls and contents at different stages of 
maturity, determined on a dry-matter basis 


BOLLS 
+ Nitrogen- 
as , Crude Crude se fem Ether 
Age of material Ash protein | fiber => extract 























Per cent | Percent | Percent Percent | Per cent 
ca a . 16 | 13. 91 7.03 70. 68 4. 22 
I dni sin tn och igeabin dads ch acini aamarigieaabndptla acacia 4.10 | 14. 24 | 16. 50 62. 32 2. 84 
EE EELS SL IRR Te AT 3. 80 12. 44 24. 86 56. 09 2. 81 
32 days-- ie + 3.57 11. 81 40. 20 37.00 7.42 
GREENS SS Sela a ees a CS 3.81 | 13. 72 46. 89 22. 94 12. 64 
I athe eich ini crepel sho vhcsina thecbeiulanince eed aha aistaanlle aaa 3. 93 12. 75 51. 27 21. 28 10. 77 
BOLL CONTENTS 

16 days_- : | 4. 28 13. 96 | 12. 62 65. 92 3. 22 
SIGS wilt «ct daabp tein incaninaisénqeiaeainieainiedaee | 3. 36 12.01 27. 50 53. 52 3. 61 
cick dusimanihineahednennndiiddigbiaiincsiahenmiiaaie 2. 98 13. 36 | 46. 27 28. 20 9.19 
i aatdcnnikin sce aicdedhg Sephari ae utmaesachath een tenee 2. 55 15. 50 47.00 19. 81 15. 14 
SI in vin Ucecannkduesattaneanatawaadatiaasaaied 2. 50 14. 60 | 53. 23 16. 65 13. 02 
| —— 

LINT 
16 days.....-. sesiaiabatiaaia 2. 85 | 10. 63 46. 57 35. 11 | 4. 84 
24 days.....-. puminanetaenl 1.03 4.75 72. 68 18. 80 | 2. 74 
32 days...... . ES PTS POS. 62 | 1. 67 88. 98 8.19 - 54 
46 days... . lnsaate sien ian elias bcaehensiamaindad . 34 | 2 89. 66 | 9. 49 - 28 
52 days-.-- ; aan ineteineaaeuamiiele 42 | 42 93. 34 5. 53 | 29 
2 ee, oF ‘mmeaed ah Porn 

SEEDS 

ieee seiahinntiannsiat : 

Ne i dibaiabrinnbesvaasiekhasasanied | 3.15 16. 04 8. 97 70. 84 | 1.00 
ETRE RE STIR PE SOE, Se | 3.75 17. 27 19. 56 56. 30 | 3. 12 
32 days. -- wal 3. 76 | 22. 89 19. 56 31. 44 22. 35 
Di veLcddhidsiewaiousbcagdomuscensbedadadanieiie | 3. 48 | 26. 95 18. 20 26. 25 25. 12 
a 3. 53 | 26. 96 19. 12 25. 42 24. 97 

BOLLS 


In the previous discussion, attention was called to the manner in 
which the age of the bolls was determined by dating the flowers and 
counting the number of days from that date until the bolls were 
picked. The cotton flowers usually wither and fall off the second day 
after they open and the boll which develops from the enlarged ovary 
of the flower rapidly grows to full size. After each picking the bolls 
were brought to the laboratory and weighed. They were then dried 
at 100° C. for one hour or slightly longer, and finally air dried. 
Analysis was made immediately on the ground air-dry material and 
the results computed to the dry-matter basis. The bolls eight days 
oldj{were so small and undeveloped that a separation of their parts 
for analysis was not attempted. 

As the bolls matured the percentage of ash and crude protein 
remained quite constant, nitrogen-free extract decreased rapidly, 
and crude fiber and ether extract both increased. None of the bolls 
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had opened until after the fortieth day and in the collection made 
on the forty-sixth day only 10 in 100 had opened. The composition 
of these unopened bolls was much the same as the composition of 
mature bolls which were entirely open and picked six days later. 
Although this similarity in composition is not startling, it is of some 
consequence and worthy of attention. Dowell and Friedemann (5) 
made analyses of the seeds obtained from bollies (the term applied 
at the cotton gin to unopen bolls) and compared the properties of the 
oil obtained from such seed with those of the prime crude oil. They 
were unable to draw definite conclusions as to the value of the 
bolly oil and were of the opinion that the composition of the seeds 
would vary from year to year. From the data they presented one 
might expect the oil to be of inferior quality. Other investigators 
have reported the analysis of cotton bolls at different stages of 
development, but for the most part these analyses have been made 
on material of which the age was only approximate, or else certain 
assumptions were made which rendered the results of comparative 
interest only, although suitable for the purpose of the particular 
investigation. The earliest of these investigations are reported in 
Bulletin No. 33, United States Department of Agriculture, Office of 
Experiment Stations (16). 


BOLL CONTENTS 


The contents from a selected number of bolls were handled as 
described above and care was exercised to retain in the boll contents 
all the material which belonged to them. In this material the per- 
centage of ash showed a decrease as the boll matured and as the lint, 
which is low in ash, developed. The protein remained quite constant 
since nitrogen is present in relatively large amounts at an early stage 
and increases in the seeds as it decreases in the lint during the period 
of maturation. Both crude fiber and ether extract increased rapidly. 
Further comment on these results is not necessary. 


LINT 


The composition of cotton lint, which is of little importance from 
the standpoint of the demands made upon the fertilizing constituents 
of the soil during the growth of the m= se is of considerable impor- 
tance in relation to the utilization of the product. As previously 
pointed out, and contrary to the opinion of many not directly con- 
nected with the problems involved in textile work, the lint contains 
appreciable amounts of material other than cellulose. The presence 
of these materials, sometimes referred to as natural impurities, were 
recognized as early as the middle of the ninteenth century, although 
it was not until comparatively recent years that any great significance 
was attached to them. The only other study made upon the com- 
position of cotton lint during successive stages of development, 
with which the writer is familiar, is one reported by Levine (10) 
several years ago. The study mentioned was carried out to elucidate 
results of a previous investigation by Hebden (9), who was probably 
the first to point out the possibility that the proteins of the fiber play 
an important part in the bleaching of cotton cloth. Levine deter- 
mined the protein content and the content of ether and alcohol- 
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soluble material in the fibers at two-day intervals from the time the 
boll was about 16 days old until it was 38 days old. Although this 
investigator did not specify the manner in which the experimental 
material was handled nor the basis on which his calculations were 
made, the results were of such importance that he pointed out the 
necessity of careful investigation of the nature of the fatty and waxy 
substances and a study of the effect of growth on these constituents 
of the cotton fiber. It is in connection with this latter aspect of the 
problem, as well as the protein content of the fibers, that certain 
studies have been promoted at this station. 


TABLE 3.—Chemical composition of cotton lint as reported by different investigators 














! 
loa ’ , | Nitrogen-| pina 
Approximate age of lint Ash bd oo _~ ex- be noel Analyst 
: ract 
Per cent | Per cent | Per cent | Per cent | Per cent 
el il decease dnaebodeee  \ ) eeee EOS EERE Levine. 
ci ar cing tpiicistsapanok RE) RR See. PR Sata 1. 74 Do. 
| ET EY: Lites J) See Roeeate 1. 52 Do. 
LO aes EES CME . ) SER Sess 1.41 Do. 
| eR REST ER 0. .42| 93.34 | 5. 53 .29 | Gallup. 
1.77 1.61 89. 75 6. 22 | .65 | McBryde (11). 
4g 1,12 | 87.02 10. 00 -61 | Ross (14). 
| | 





In Table 3 are reproduced the results of several analyses of cotton 
lint reported by different investigators. These figures are themselves 
sufficient evidence for assuming the composition of the lint to be vari- 
able and worthy of further study. The figures presented in Table 2, 
which represent the composition of the lint at different stages of 
maturity, were obtained by analyzing samples washed free of adher- 
ing material. When the bolls were collected, the lint was imme- 
diately separated from the seeds and washed several times with cold 
water. Each sample was treated alike, and although such a proce- 
dure is subject to some criticism, it no doubt affords the best means 
of obtaining representative samples, which would be impossible if 
the total contents of the boll without the seeds were taken as repre- 
senting lint. 

SEEDS 


Many analyses of mature cotton seeds have been made by various 
investigators, but little attention has been given to the rate of for- 
mation and development of the oil in the seed. The manufacturer 
of cottonseed oil is primarily interested in the amount of oil in the 
seed, and, although its protein content is of secondary importance, 
in late years there has been a growing endeavor on the part of the 
purchaser to obtain seeds high in both. This increasing demand for 
seeds of high oil content has prompted plant breeders and others to 
attempt to increase the oil and protein content of seeds by proper 
selection and various fertilizer treatments. The work of Garner, 
Allard, and Foubert (8), Wells and*Smith (17), Creswell and Bid- 
well (4), and in particular Rast (13)—who concludes that “by 
eliminating the inferior varieties the quality of the seed could easily 
be improved, thereby increasing their average value $5 per ton’’— 
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has gone far toward promoting studies along this line. Many others 
have contributed information of equal importance. 

An inspection of the figures in Table 2, showing the rate of forma- 
tion of oil in the seeds, leads one to believe that there is a period of 
intense oil formation occuring in the seeds 32 days old. This might 
at first appear to be at variance with what has been previously 
reported and is reproduced with the later results in Table 4. In the 
year 1926, when a similar study was made, the exact age of the seeds 
analyzed was not known, and since the size of the boll would be of 
no value in determining this, its condition with respect to opening 
was taken as the most logical basis for determining the stage of 
development of the seed. For that reason the results do not lend 
themselves to direct comparison with those obtained in this later 
study unless certain reservations are made. Again referring to the 
figures in Table 2, with special reference to the changes in oil and 
protein, it may be pointed out that the increase in protein as the 
seeds develop is much less than that in oil and shows no critical 
period of formation. The increase of both is relatively slight during 
the last 20 days. From this it might be reasoned that there is a depo- 
sition of nitrogen early in the life of the seed, and that its increase, 
though fairly constant, is proportionally greater than that of the 
growth of the seed. In contrast to this, the oil developed at a well- 
defined stage of maturity without showing any relation to the growth 
of the seed before or after this critical period. Certainly some one 
or more factors other than the actual age of the seed must have been 
responsible for the low percentage of oil recovered by Dowell and 
Friedemann (5) in their studies with bolly refuse and by Garner, 
Allard, and Foubert (8) in their work with seeds from immature and 
mature bolls. Perhaps these differences may be explained on the 
assumption that the composition of the seed is influenced by seasonal 
variations, and for this there is some experimental evidence. Martin, 
Ballard, and Simpson (/2) found that the period of maturation of 
the seeds increased as the season advanced. In another investiga- 
tion (8) it was concluded that climate was a potent factor in deter- 
mining conditions favorable to formation of oil. Other studies (2) 
have shown a close relation between the amount of rainfall during 
the cotton-growing season and the amount of oil in the seeds. Since 
the bolls are formed on the plants at different times, the earliest 
ones being found toward the bottom of the plant and close to the 
main stem, it is quite obvious that the period of oil formation occur- 
ring in the late-developing seeds may be subject to vastly different 
and often unfavorable growing conditions. A systematic study of 
the development of oil, or any other constitutent in the seed, with 
the hope of increasing the amount of any one of them would there- 
fore require special precautions whereby all variables could be con- 
trolled and kept fairly constant. These points, which should be 
borne in mind when interpreting the experimental data presented 
in Table 2, have special significance in attempting a comparison of 
results such as has been made in Table 4. 
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TABLE 4.—Development of oil and gossypol in cotton seeds 





AS PREVIOUSLY REPORTED 


— . Oil in Gossypol 
Description of material seeds in seeds 


| = 
| Percent | Per cent 
Unopen bolls 


ineonieeeduenn - tks che tedwethhndirektehoseeheenaseattamaente 13. 97 0. 48 
aint towbinil scence iweaisiaiiionnnes sthmaideindeeaeemainhbgdeemiuta 24. 01 - 428 
Bolls open over six ilhindtusicatdinnensiiumnenihy cheptibhtidssinennaneainni s 24.41 . 538 


PRESENT INVESTIGATION 


Bolls 16 days old _.........-.....- 
Bolls 24 days old - 
Bolls 32 days old-.-- 
Bolls 46 days old... Pataca 
Bolls 52 days old... ...-- 





l ; 
Bollies ¢_.-.- i 12. 20 (>) 


sikh cilia declen hdl tnsaten tats Maina ited ah salad taba ta ha lade abis dalla aa aioe taaidlapdid 2 
DINED ©... ct eakomsaeuebdaune es pagans re cisercel 20. 4 (>) 
Mature bolls........ shcnibhieiaianiniy enlace hinneseanditninnitaieasaaaitreitemenn pein | 23.5 (*) 


* Dowell and Friedemann (5). With reference to the oil content of the seeds from bollies, the investigators 
state that no definite conclusions can be drawn as the composition of the seeds will probably vary from 
year to year. No doubt these seeds, which were obtained from various oil mills, represented a more hetero- 
geneous sample than any of the other ones represented. 

> Not determined. 

¢ Garner, Allard, and Foubert (8). These investigators state that ‘‘immature samples were taken when 
the green bolls had reached full size and had begun to show numerous brown spots.” From this it is 
presumed that the immature bolls were about 40 days old. 


FORMATION OF GOSSYPOL 


The seeds on which the gossypol determinations were made after 
removing the lint were dried at a sufficiently low temperature to pre- 
vent the destruction of gossypol. Otherwise they were handled in 
the same manner as the other materials. From the figures presented 
in Table 4, it is quite evident that the formation of gossypol was con- 
current with that of oil, and from these figures the idea might be 
gained that some relation existed between the two. In view of the 
importance of such a relation, in cons dering the function of gossypol, 
the experimental basis for such a view calls for careful consideration 
and far more data than have been obtained up to the present time. 
Too little is known about gossypol to even postulate that it might 
act as an accelerator for the formation of oil, although such a concep- 
tion is no more far-reaching than many others which have been made 
and later proved. Gossypol could not be detected in seeds from bolls 
less than 32 days o!d and no doubt the ether-extracted material of the 
seeds previous to this time was made up in part of soluble material 
other than oil. However, there still remains the possibility of gossy- 
pol being present in these younger seeds in a form which is not ether 
soluble and does not respond to the usual tests for gossypol. 

It was observed during the extraction with ether of the fat-soluble 
material from the seeds that the color of the first portion of the 
extract which ran through was red only in the case of the more 
mature seeds. The seeds from bolls 16 and 24 days old gave no 
such color to the extract and contained very little oil. Although 
this red color is characteristic of solutions of gossypol, other mate- 
























Mar. 1, 1928 Formation of Gossypol in the Cotton Seed 479 


rials of a questionable nature and present largely in the seed coating 
give a similar color, and it is probable that all of these made their 
appearance at about the same time. The absence of red very likely 
indicates the absence of even small traces of gossypol, but this 
should not be taken as conclusive proof. 

It should be kept in mind that the age of the seeds whose oil and 
gossypol content are shown in the first part of Table 4, was approxi- 
mated by observing the condition of the boll; a procedure which, as 
previously indicated, may not be entirely reliable. It would be 
hardly possible to discriminate by appearance alone between bolls 
24 and 32 days old, and even when the first signs of boll opening are 
taken as representing material of about the same age, one is con- 
fronted with the possibility of short maturation periods with subse- 
quent variations in the final composition of the seeds. Such an 
explanation may account for the small amount of gossypol and rela- 
tively large amount of oil found in the seeds from bolls designated 
as unopen. What has been said in this respect will also apply to the 
oil content of seeds from bollies. 

Schwartze and Alsberg (15) made the important observation that 
the variation in the gossypol content of seeds tended to vary directly 
with and bore a true relationship to the oil content. Seeds from the 
Southwest tended to be low in oil and gossypol, those from the South- 
east to be somewhat higher, and those from the Pacific coast regions 
to be still higher. This again points to the influence of climatic con- 
ditions on the development of the oil and the above relationship is 
unfavorable from the viewpoint of producing seeds high in oil and 
low in gossypol. If the latter situation could be met it would be of 
value only in so far as it could be accomplished without detriment to 
the other ingredients in the seed. Such an achievement would indeed 
be a valuable contribution to the cottonseed oil industry and all others 
concerned with its products. 


SUMMARY 


A study of the change in composition of cotton bolls picked at 
different stages of development showed that the changes were very 
rapid from the time the boll first formed until it was ready to open. 
The young bolls were high in ash, nitrogen, and carbohydrates, and 
as they matured the fat and crude fiber increased. After the bolls 
had reached the opening stage their composition was altered slightly 
by an increase in crude fiber, but from the results presented, the 
nearly mature but unopen bolls will yield products almost as high in 
their several constituents as the open ones. The composition of 
bollies and bolly refuse which are composed of immature bolls and 
their parts in various stages of development, seems to depend upon 
a number of factors, the most important of which is probably the 
age of the boll, followed by time of maturation, climatic conditions 
during growth, and possibly the nutrition of the plant. 

Cotton lint is quite variable in composition and although the 
mature lint is composed mostly of crude fiber, there are other mate- 
rials present in sufficiently large amounts to be of questionable 
importance. 

The development of oil and gossypol in the cotton seed occurred at 
about the same time and during a very short and well-defined period 
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of growth. Although it is too early to predict the function of gossypol 
in the development of the seed, it seems to be associated in some way 
with the formation of oil. A careful study of all the factors which 
may influence the growth of the seed, together with an endeavor to 
increase the oil and decrease the gossypol, is needed. 
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AN OBSERVED CASE OF “SPONTANEOUS” IGNITION 
IN STABLE MANURE.' 


By L. H. JAMEs, Associate Bacteriologist, Food Research Division, Bureau of Chem- 
istry and Soils; G. L. BIpwE Lu, Associate Chemist, and R. 8. McKinney, Junior 
Chemist, Food Control Laboratory, Food, Drug, and Insecticide Administration, 
United States Department of Agriculture 


Instances of “‘spontaneous”’ ignition of farm products which have 
occurred under actual observation are sufficiently rare to warrant the 
publication of all such available data. Studies of the agents active in 
“spontaneous” heat production have been conducted by the senior 
author for several years, but it was only by good fortune that the 
present writers were enabled to study a case of fire at first hand. 

A number of authentic detailed accounts of ‘‘spontaneous”’ 
ignition in farm products have been reported in the past decade.’ 
That fires in such materials do occur from heat generated within the 
mass can be doubted no longer, though some observers still attribute 
the conflagration to sparks, carelessly discarded matches, etc. 

The observations reported in this paper were made upon a large 
pile of stable manure and straw at the Arlington Experiment Farm, 
Rosslyn, Va. Manure for fertilizer purposes had been hauled from 
a neighboring cavalry station and placed on the farm grounds in an 
open plot. As the manure was unloaded the horses and wagons were 
driven over the pile, and the load was deposited on the top. The 
custom had been to ‘‘cure” the manure from one to three years 
before spreading it. The first loads had been deposited some two 
and one-half years before, and the mass had grown to a pile about 
200 feet long, 50 feet wide, and from 1 to 20 feet high. (Fig. 1.) 
Moderate heating of the manure had been accepted as an essential 
part of the curing, though fire had not formerly occurred. 

Before September 9, 1925, the date of the outbreak, the weather had 
been warm, ranging from 87° to 95° F. There had been no heavy 
rains for two weeks. Daily additions had been made to the pile, 
and, although the mass was known to be excessively hot, the condi- 
tion was not considered dangerous. Fire broke out during the night 
of September 9, and was discovered by the night watchman. The 
flames quickly spread over the entire west side of the long pile. 
Water was applied from pails, and the flames were extinguished. 
Within a few hours, fire again broke out along the same side of the 
mass. When this was controlled, efforts were made to cut away as 
much of the material as was still at a dangerously high temperature. 
Charred straw and manure to a depth of about 2 feet throughout the 
greater part of the length of the pile were removed. The material 
was firmly packed, black, dry, and brittle to a depth considerably 
beyond any possible penetration by the fire. (Fig. 2.) 
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The temperatures of various points in the mass were determined 
with the aid of a thermocouple and potentiometer. Holes were 
made by forcing a long iron rod into a pile; the thermocouple was 








Fic. 1.—Pile of stable manure, showing area of third outbreak of fire; east side 


inserted in the openings. A series of readings (Table 1) indicated 
that in the center of the pile and up to within 5 or 6 feet of the outer 
surface the temperatures were not extremely high, averaging only 





Fic, 2,—Site of first and second outbreaks of fire, showing compact character of manure pile; 
west side 


about 51° C.; 66° was the maximum.: The temperatures of the outer 
layers, however, were considerably higher. In places where the 
manure was firmly packed, as on the dismantled side, the highest 
temperature was usually within 6 inches of the surface, whereas on 
the top, where recent additions still lay more or less loosely, the 


maximum temperature was usually found from 1% to 2 feet within 
the mass. 
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TaBLE 1.—Temperatures obtained with a thermocouple in different areas of a large 
pile of stable manure 





Surface | Depth Temperature, °C. 


x 


78. 

76 near smoking straw. 
87 in smoking straw. 
132 in glowing straw. 
167 in glowing straw. 


The temperature of the opposite or east side of the pile was also 
excessively high, though no fire had yet appeared. This side was 





Fia. 3.—Site of third outbreak of fire; A, location of hottest belt; east side 


watched carefully. The following afternoon, September 10, fire 
broke out on this side, appearing first, as the others had, at from 5 
to 10 feet above the ground. 

When this had been put out an inspection of the stack revealed so 
many hot areas along the edge that the entire side was removed 
under frequent sprinkling with water. (Fig. 3.) 

The mass was packed so firmly that progress was slow and fire 
broke out twice before the work was completed. In one of the hot- 
test sections (fig. 3, A) a forkful of material was removed and spread 
out upon the ground. The straw was hot and steaming. About 
one minute later the steam had changed to smoke, which increased 
in density until after about three minutes the material glowed a fiery 
red. Exactly the same conditions appeared in the stack adjacent 
to the spot from which the material had been removed. 





484 Journal of Agricultural Research Vol. 36, No. 5 


Temperature readings of the glowing coals and adjacent materials 
(though those of the former are probably only approximate) gave the 
following results: hn 

Temperature of glowing straw removed from pile 
Temperature of glowing straw remaining in pile 
Temperature in stack 3 inches from glowing coals___-- 

The fire smoldered a few minutes, then went out. It is significant 
that the temperature of material only a few inches from the glowing 
coals was not above 80° C. Moisture determinations showed that 
material in the stack adjacent to the point where the red glow had 
appeared contained only 3.7 per cent of water, whereas material 2 





Fic. 4.—Normal and charred material 


feet away, apparently just as badly scorched and brittle, contained 
30.2 per cent. Material from the top of the stack, which was hot 
but showed no signs of scorching, contained 66 per cent moisture. 
Figure 4 shows the contrast between material which has under- 
gone excessive heating without firing and normal material from the 
surface of the pile. The charred material was very dry and brittle. 
As the heating mass of material offered excellent opportunities for 
study, the following day further data were obtained. In general, 
the mass had cooled considerably, though a few areas were still hot. 
Since “spontaneous” ignition has been known to take place appar- 
ently only as the result of rapid oxidation, it was assumed that further 
temperature rise would be produced in the manure pile on the intro- 
duction of air, or, preferably, pure oxygen. A brass tube and the 
thermocouple were introduced simultaneously into the center of an 
area having a temperature of 82.5° C. At 11.25 a. m. oxygen was 
introduced from a pressure tank, and changes in temperature were 
carefully noted. The temperature inimediately began to rise rapidly 
and continued to increase for one-half hour; the rate of oxygen flow 
was occasionally increased. (Table 2.) At 12 m. the temperature 
had reached 109° C., an increase of 26.5° in 30 minutes. Further 
aeration resulted in a slow cooling to-107° at 1 p.m. As the heating 
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material was inclosed within the mass, the estimation of the oxygen 
requirements was purely conjectural. Thus it is not surprising if the 


oxygen rate most favorable for heat production was not maintained 
and only limited heating allowed to take place. 


TaBLE 2.—Temperatures obtained by introducing oxygen into hot area of manure 
pile (2 feet beneath side surface) 


| z | | 7 j { 
Read- Tempera-| . || Read- Tempera- ~ . 
ing ture | Oxyeen flow || “ing ron Oxygen flow 


°"< | °C. 

82.5 | 106. 0 | 

84.0 | Begun. | J ‘ 107.0 | Increased. 
94.0 50 a. 108.0 | 
100.0 | Increased. 2. 109. 0 
103. 0 | 2 108. 5 
104. 0 | ‘ 107.0 
105.0 





SUMMARY 


A pile of heating stable manure was observed to ignite ‘“‘spontane- 

When exposed to the air, charred straw glowed a fiery red. 
Oxygen aeration of a small section of the heating material produced 
a rapid increase in temperature of 26.5° C. in 30 minutes. 


ously.” 


O 








